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Abstract 
The present report deals with the measurement of fall-out radioac-
tivity in Denmark in 1 975. Strontium-90 was determined in samples from 
all over the country of precipitation, soil, ground water, stream and lake 
water, sea water, grass, dried milk, fresh milk, grain, bread, potatoes, 
90 
vegetables, fruit, total diet, and human bone. Furthermore, Sr was 
determined in local samples of air, rain water, grass, sea plants, fish, 
and meat. Caesium-1 37 was determined in soil, sea water, milk, grain 
products, potatoes, vegetables, fruit, total diet, fish, and meat. It was 
also measured by wholebody-counting of a control group at Risø. Estimates 
of the mean contents of radiostrontium and radiocaesium in the human diet 
in Denmark during 1 975 are given. The Y -background was measured regu-
larly at locations around Risø, and at ten of the State experimental farms. 
Finally the report includes routine surveys of environmental samples from 
the Risø area. 
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ISBN 87 SSO 0387 7 
CONTENTS 
Page 
Abbreviations and Units 6 
1. Introduction 7 
2. Organization and Faci l i t ies 8 
3. Environmental Monitoring at Risø in 1 975 9 
3 . 1 . Gross p-Activity 9 
3 . 1 . 1 . Sea Water 9 
3 . 1 . 2 . Soil (No Samples) ]\ 
3 . 1 . 3 . Air U 
3 .1 .4 . Bed lioil from the Fjord 13 
3 . 1 . 5. F ish (No Samples) 13 
3 .1 .6 . Grass 13 
3 . 1 . 7 . Sea Plants 14 
3 . 1 . 8 . F r e sh Water 14 
3 .1 .9 . Rain Water 15 
3 .2 . Radiochemical p-Analysis 17 
3 . 2 . 1 . Air 17 
3.7. 2. Grass , 19 
3 . 2 . 3 . Sea Plants 20 
3 .2 .4 . Rain Water 21 
3. i. 5. Milk from a F a r m near Risø 24 
3. 3. Y-Spectroscopy of Air Samples 25 
3.4. Y-Spectroscopy of Bed Soil Samples 27 
4. Radiustrontium and Radiocaesium in Precipitat ion, Soil, 
and Ground Wafer in Denmark in 1 975 27 
4 . 1 . f trontium-90 in Precipi tat ion 27 
4 . 2 . -jt.rontium-90 and Caesium-137 in Soil 30 
4 . 3 . Strontium-90 in Ground Water 41 
4 . 4 . Strontium-90 in ^ r e s h W&ter from Danish St reams and Lakes 4 4 
Page 
5. Radiostrontium and Radiocaesium in Danish Food in 1 975 . . . . 47 
5 . 1 . Strontium-90 and Caesium-137 in Dried Milk from the 
Entire Country 4 7 
5. 2. Strontium-90 and Caesium-137 in Fresh Milk from the 
Entire Country 51 
5. 3. Strontium-90 and Caesium-137 in Grain from the 
Entire Country 53
 t 
5.4 . Strontium-90 and Caesium-137 in Bread from the 
Entire Country &* 
5. 5. Strontium-90 and Caesium-137 in Potatoes from the 
Entire Country 66 
5 .6 . Strontium-90 and Caesium-137 in Vegetables and Fruits 
from the Entire Country 69 
5. 7. Strontium-90 and Caesium-137 in Total Diet from the 
Entire Country 75 
5. 8. Strontium-90 and Caesium-137 in Miscellaneous 
Foodstuffs 78 
5 . 8 . 1 . Strontium-90 and Caesium-1 37 in Meat 7b 
5 . 8 . 2 . Strontium-90 and Caesium-1 37 in Fish 80 
5. 9. Estimate of the Mean Contents of Sr and Cs 
in the Human Diet in Denmark in 1 975 82 
6. Strontium-90 and Caesium-1 37 in Man in 1975 86 
6 .1 . Strontium-90 in Human Bone 86 
6 .2 . Caesium-137 in the Human Body 94 
7. Strontium-90 and Caesium-1 37 in Sea Water in 1 975 96 
8. Special Surveys 103 
8 .1 . Meteorological Mast Experiment (No samples) 103 
8. 2. Fission Product Ratios in Air Samples Collected at 
Different Heights of the Meteorological Mast (No samples) 103 
8. 3. Strontium-90 and Caesium-1 37 in Human Milk 
(No Samples) 103 
8 .4 . Country-wide Measurement of the Y-Background in 1975. 103 
8. 5. Preoperational Environmental Surveys at BarsebSck 
and Ringhals 107 
8. 5 .1 . Barsebflck 1 07 
8 . 5 . 2 . Ringhals 107 
8 . 5 . 3 . Great Belt 107 
Page 
9. Conclusion 110 
Appendices 113 
Appendix A. Calculated Fall-out in the Eight Zones in 1975 113 
Appendix B. Statistical Information on Population Density, 
Area of the Zones, and Milk, Grain, Vegetable, 
and Fruit Production in the Zones 114 
Appendix C. A Comparison Between Observed and Predicted 
Levels in the Human Food Chain in Denmark in 1 975 115 
Appendix D. Fall-out Rates and Accumulated Fall-out 
(mCi ^ S r / k m 2 ) in Denmark 1 950-1 975 118 
Acknowledgements 120 
References 121 


















eqv. n. g U 
eqv. mg KCl 
S.D. 
S.E. 
U. C. L. 
i-f* i—. .Li, 
A 










B. D. L. 
Samples: fission products 
femtocurie 10" Ci 
-12 picocurie, 10 Ci, itpCi 
-9 
nanocurie, 10 Ci, mpCi 
-3 
millicurie, 10 Ci 
maximum permissible concentration 
counts per minute 
disintegrations per minute 
counts per hour 
micro-roentgen, 10" roentgen 
pCi ^ S r / g Ca 
observed ratio 




natural (stable) Sr 
equivalents pg uranium: activity as from 1 pg U (~90 d/h) 


























standard error: IT 
W 
2 
upper control level 
lower control level 
one standard deviation due to counting 
2 
sum of squares of deviation: £ (x-x.) 
degrees of freedom 
variance 
ratio between the variance in question and the residual variance 
probability fractile of the distribution in question 
coefficient of variation, relative standard deviation 
analysis of variance 
relative standard deviation 20-33% 
relative standard deviation ) 33%, such results are not 
considered significantly different from zero activity 
below detection limit 
i . INTRODUCTION 
1 . 1 . 
The present report is the nineteenth of a series of periodic reports (cf.ref. 
1) dealing with measurements of radioactivity in Denmark. The programme 
is unchanged as compared with 1974. 
1.2. 
2-4) The methods of radiochemical analysis ' and the statistical treatment 
of the results ' are still based on the principles established in previous 
reports '. 
1.3. 
The report does not include detailed tables of the total p-measurements 
from the environmental control of the Risø site. These tables are available 
in the form of microcards at the Risø library. 
1.4. 
The report contains no information on sample collectica and analysis 
except in the cases where these procedures have been altered. 
In 1 975 the personnel of the Environmental Control Section of the Health 
Physics Department consisted of one chemist, ten laboratory technicians, 
two sample collecters, and two laboratory assistants. The Section for 
Electronics Development continued to give assistance in the maintenance 
of the counting equipment and in the interpretation of the Y-spectra. The 
90 program (cf. 2) used in the calculations of Sr and the Y-analysis, as well 
as the program for data treatment, were developed by this section. 
- 8 -
1.6. 
The composition of the average Danish diet used in this report i s iden-
tical with that proposed in 1962 by Professor E. Hoff-Jørgensen, Ph. O. 
2. ORGANIZATION AND FACILITIES1 * 6» 7 ' 8 > 
Four Ge(Li)-detectors, each connected to a 1024-channel analyzer, 
are available. An 8 inch NaI(TL)-detector used for whole-body measure-
ments and four detectors for alpha spectrometry are connected to a 1024-
channel analyzer and a 256-channel analyzer respectively. 
161 A computer program, STATDATA '. i s available for the treatment of 
the results of this report (and the results of several other projects. The 
program checks and stores the data, produces l ists , tables and plots and 
calls separate programs for analysis of variance and regression, etc. The 
principle for registering the data i s the assignment of 6 parameters to each 
result or set of multiple results. These parameters are: 




Quality of measurement (relative standard deviation) 
Unit of results 
followed by: 
Number of results 
Results. 
To date approximately 33000 sets of results have been registered 
covering the peri«, i from 1 957. However, a number of results still remains 
unregistered. 
- 9 -
3. ENVIRONMENTAL MONITORING AT RESØ IN 1975 
3 . 1 . Gross p-Activity 
3 . 1 . 1 . Sea Water 
Fig . 3 .1 .1 .1 shows the sample locations in Roskilde Fjord. F ig . 3 . 1 . 1 . 2 
shows the control char t for H I. The yearly mean for H I in 1975 was 55 eqv. 
mg KCl/2 .5 g (in 1 974: 53), for H HI-VI: 54 eqv. mg KCl /2 .5 g (in 1 974: 53) 
and for H VU-X: 54 eqv. mg KCl /2 .5 g (in 1 974: 53). Fig . 3 . 1 . 1 . 3 shows 
the mean levels of radioactivity in sea sal t since 1 957. 
Fig. 3 .1 .1 .1 . Roskilde Fjord. 
10 -
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Kig. 3 . 1 . 1 . 3 . Mean radioactivity in sea water 
1957-75. 
- 1 1 -
3 . 1 . 2 . Soil 
No soil samples from the environment of Risø were measured for total 
p-activity in 1 975. 
Fig. 3.1 . 2 . 1 . The Risø Research Establishment. 
3 . 1 . 3 . Air 
Fig. 3 . 1 . i . 1 shows the diagram for F P activity in air samples in 1 975. 
3 
The mean value for the year was 0.03 eqv. mg KCl/m as compared with 
0. 24 eqv. mg KCl/m 3 in 1 974. 
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Fig. 3 ,1 .3 .2 . Mean radioactivity in air, 1 957-75. 
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3.1 .4 . Bed Soil from the Fjord 
The mean activity in bed soil B I was 143. 5 eqv. mg KCl/3.0 g ash in 
1 975 as compared with 1 29 eqv. mg KCl/3. 0 g in 1 974. Fig. 3 .1 .4 .1 shows 
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Fig. 3 .1 .4 .1 . Mean radioactivity in bed soil, 1957-75. 
3 .1 .5 . Fish 
No fish samples from Roskilde Fjord were measured for total fJ-activity 
in 1 975. 
3.1 .6 . Grass 
The mean values were in 1 975 for PG I: 14 eqv. mg KCl/0.1 g grass 
ash (in 1 974: 11), for PG II-III: 1 5 eqv. mg KCl/0.1 g (in 1 974: 11) and for 
PG IV-V: 6 eqv. mg KCl/0.1 g (in 1 974: 1 3). Fig. 3 .1 .6 .1 shows the mean 
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Fig. 3 .1 .6 .1 . Mean FP-radioactivity in grass ash, 1 957-75. 
3 .1 .7 . Sea Plants 
The mean FP level in 1 975 in Fucus vesicolosus (PH I) was 0 eqv. mg 
KCl/0.1 g ash (4 in 1 974). In Zostera marina (PH III-IX) we found 0 eqv. 
mg KC1/0.1 g ash in 1 975 (5 in 1 974). 
3 .1 .8 . Fresh Water 
Fig. 3 .1 . 8.1 shows the control chart for S (cf. fig. 3 .1 . 2.1). The 
yearly means for D I, D II, D IV, and S in 1 975 were 17 eqv. mg KCl/1 
(1974: 40), 14 eqv. mg KCl/1 (1974: 19), 55 eqv. mg KCl/1 (1974: 43), and 
35 eqv. rng KCl/1 (1 974: 31) respectively. Fig. 3 . 1 . 8.2 shows the activity 
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Fig. 3.1.8. 2. Mean radioactivity in fresh water, ! 958-75. 
3.1.9. Rain Water 
Figs. 3.1. 9.1 and 3.1. 9. 2 show the specific FP level in and the total 
fall-out from rain water collected daily at Risø in 1975. The total fall-out 
6 2 
in 1 975 was measured at 0.008 • 10 eqv. mg KCl/m , and the annual mean 
- 16 -
concentration in rain water at Bisø was 18 eqv. mg KCl/L. In 1974 the cor-
g 
responding figures were 0.028 * 10 and 49 respectively. 
Fig. 3 . 1 . 9 . 3 shows the specific activity in rain water since 1 957. 
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Fig. 3 . 1 . 9 . 1 . Concentration of p-activity in precipitation in 1975. 
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Fig. 3 . 1 . 9 . 2 . Total fall-out from precipitation in 1975. 
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Fig. 3. t. 9. 3. Specific activity in precipitation, 1957-75. 
3. 2. Radiochemical p-Analysis 
3 . 2 . 1 . Air 
The "big a i r sampler" described in Risø Report No. 23 ' has a shunt 
through which the a i r volume is determined. As in the four previous years, 
both the shunt filter (I) and aliquots cut out from the main filter (II) were 
analysed to see whether activity levels were identical in the two filters. As 
I/II = 1.09 - 0.06 (1 SE), we st i l l concluded that the two filters showed the 
same levels. The mean a i r activity level for 1 975 is reported as the mean 
of the glass-fibre filter collection and the daily paper filter sampling: 
0. 90 - 0. 05 pCi 9 0 S r / 1 0 3 m 3 , i. e. 0. 6 times the 1 974 level. The mean 
peak activity of the three collections in 1 975 was measured in April to be 
1.7 pCi 9 0 S r / 1 0 3 m 3 . 
90 Fig. 3 .2.1.1 shows the Sr levels in a i r since 1 957. 
- Ib -
Table 3 .2 .1 
Stront iun-90 i n a i r co l lec ted a t Ris« i n 197S 
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0 . 9 1 
I : a r e t h e norr.taliy used shunt f i l t e r s . 
I I : a re a l i q u o t s c u t o u t from the n a i n f i l t e r s a l s o 
used f o r Cs de terminat ion ( c f . t a b l e 3 . 3 . 1 ) . 
,c . " S - M O « « . ' 
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Fig. 3. 2 .1 .1 . Quarterly ^ S r levels in air, 1957-75. 
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3 .2 .2 . Grass 
90 Table 3. 2.2 shows the Sr content in grass ash from Zealand in 1975. 
90 90 
The mean Sr activity was 2.6 pCi Sr/g ash or 44 S. U. as compared 
with 2.8 pCi/g ash or 47 S. U. in 1974, i . e. the 1975 level was approx. 90 
equal to the 1 974 level. Fig. 3 .2 .2 .1 shows the Sr concentration in grass 
since 1957 compared with the predicted levels (cf. Appendix C). 
Table 3 . 2 . 2 
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Fig. 3.2. 2. 2. A comparison between observed (- 1 S. E.) and calculated 
(curve, cf. appendix C) S. U. levels in grass from Zealand. 
3. 2 .3. Sea Plants 
Fig. 3. 2. 3 shows the S. U. levels in sea plants since 1 959 and table 
3 .2 .3 the results for 1 975. The level in Fucus vesicolosus was 13.8 pCi 
90 90 
Sr/g Ca, and in Zostera marina 4. 2 pCi Sr/g Ca. 
Table 3 .2 .3 
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Fig. 3. 2. 3. Strontium-90 in sea plants from Roskilde Fjord, 1959-75. 
3 .2 .4 . RainWater 
Table 3. 2.4.1 shows the quarterly radiostrontium level in rain water 
90 
collected at Risø in 1 975. The total Sr fall-out in 1 975 was 0. 27 mCi 
90 2 
Sr/km (477 mm precipitation), and the mean concentration in the rain 
90 90 2 
water was 0. 56 pCi Sr/1. In 1 974 we measured 0.42 mCi Sr/km 
90 90 
(555 mm precipitation) and 0. 77 pCi Sr/1, i. e. the 1 975 Sr levels were 
0. 6 times the 1 974 figures. 90 Fig. 3. 2.4.1 shows the Sr levels in rain water since 1 959. 
At five sampling locations (1 -5) in zone I (cf. fig. 3 .1 . 2.1) ion-exchange 
columns were used to collect monthly samples of precipitation together with 
the bottle collectors. These columns have been described earlier (Risø 
i \ i t 
Report No. 41 ') and are similar to those used in the U. S. A. by HASL '. 
Our intention was to compare the efficiency of the ion-exchange columns to 
- 22 -
Tab!« 3 .2 .4 .1 
StrootiuB-90 la rain vatar co l l ec ted in m i n bo t t l e s 
• t Ris« in 1975 (sampling area 0.236 a 2 ) 
Month 
Jan. -Mar. 
Apr . -June 
J u l y - S e p . 














x 0 .56 





Z 0 .266 
E a C i / k a 2 - 1 0 3 
90 pCi ""Sr/1 
i i i i I ' I i i 
H I I 70 11 72 73 7« 75 
Fig. 3. 2 .4 .1. Quarterly Sr levels in precipitation, 1 959-75. 
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Table 3 .2 .4 .2 
StrontiuB-93 l a rain water co l l ec ted In ion-exchange 
colusui co l l ec tors at Risø in 1975 (Mapling area 0.325 a ) 
Nonth 
Jan. - Mar. 
Apr. - June 
July - Sep. 




















collect fall-out with that of the rain bottles. Table 3 . 2 . 4 . 2 shows the results. 
90 The total amount of Sr fall-out in 1 975 measured by the 2 systems was: 
90 2 
0.27 and 0.18 mCi Sr/km respectively. 
Figures 3 . 2 . 4 . 2 and 3 . 2 . 4 . 3 show comparisons between the different 
90 
sampling systems for Sr in precipitation. It appears that the specific 
90 
activity in pCi Sr/1 i s not systematically different for the 3 sampling 
systems. We may further conclude that the rain bottles and the ion-exchange 
collectors at Risø show no significant difference as regards efficiency of 
90 
collecting Sr from precipitation. 
woo 
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Fig. 3.2.4.3. The specific M S r activity in precipitation collected by 3 
dUfereet sampling systems 19C2-7S. 
3.2.5. Milk from a Farm near Risø 
137, Table 3. 2.5 shows the radiostrontium and Cs contents in milk col-
lected in 1975 from a farm near Risø. The mean level was 2.3 S. U. as 
compared with 2 2 S . U . in 1974. Figure 3.2.5 shows the Sr levels in 
"Risø" milk since 1959. TheCaesium-137 mean level was 2.8 pCi/1 i. e. 
equal to the level in 1974. 
Tabic 3 .2 .5 
Strontlun-90 and Caesium-137 In milk fro« Rise* in 197S 
Month 
Jan . - Mar. 
Apr. - June 
J u l y - Sep . 
O c t . - Dec. 
1975 






pCi 1 3 7 C S / g K 
1 .37 A 
1 .63 A 
2 . 2 9 
1 .15 B 
1 .61 
pCi 1 3 7 C s / l 
2 . 3 5 A 
2.88 A 
3 . 8 9 
1.68 B 
2.75 
*The Milk \mt c o l l e c t e d i r o n t h e mi lk-producing f a n s 




pCi ^ r /g Ca 
59 SO 61 62 63 64 65 66 67 68 69 70 71 72 73 7« 75 
90 Fig. 3. 2. 5. Quarterly Sr levels in milk from the Risø neighbourhood 1 959-75. 
3. 3. \-Spectroscopy of Air Samples 
As in 1 962-1 974, samples of air were collected twice a week by means 
of the air sampler described in Risø Report No. 23 '. The filters were 
3 81 
measured on a 30 cm Ge(Li) detector '. able 3.3.1 shows the monthly 1 37 
means of the Cs determinations. The peak value was observed in April 90 (cf. also Sr in air, table 3. 2.1). The mean level in 1 975 was 0.7 times 
the 1 974 mean. The 1 * 7 Cs/ 9 0 Sr ratio in air filters was 1.4 in 1 975, i. e. 
the same as 1 974. 
- 26 -
Table 3.3.1 
Caesium-137 in glass-fibre air filters collected 





























The error term is the S.E. of the mean of the 
activity found in 8 or 9 filters collected 
during a month. 
5-
3-
pCi 137Cs / 103 m 3 
i i r i i i _ 
M A M J J A S 0 
Fig. 3 .3 .1 . Caesium-137 in ground level air at Risø in 1975. 
I . I i 
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3.4. V-Spectroscopy of Bed Foil Samples from Roskilde Fjord 
North of the outlet from the Waste Treatment Station (fig. 3 . 1 . 2 . 1 ) , 
bed soil samples have been collected with a HAPS sampler. Cores down 
to a depth of approx. 1 5 cm were analysed by Ge(Y) spectrometry. Table 
3.4.1 shows the results which are equal to those in 1 973. 
Table 3.4.1 
Caesium-137 in bed so i l co l l ec ted in 












































4. RADIOSTRONTIUM AND RADIOCAESIUM IN PRECIPITATION, 
SOIL , GROUND-, STREAM- AND LAKE-WATER IN DENMARK IN 1 975 
4 .1 . Strontium-90 in Precipitation 
Samples of rain water were collected in 1 975 from the ten State exper-
imental farms (cf. fig. 4 .1 .1 ) in accordance with the principles laid down 
in Risø Report No. 63, p. 51 '. 
90 Table 4.1.1 shows the results of the Sr determinations and tables 
4 .1 .2 and 4 . 1 . 3 the analysis of variance of the results. The variation with 
time was highly significant (P ) 99. 95%). The maximum concentration in 
28 -
Fig. 4 .1 .1 . State experimental farms in Denmark. 
- 28 -
precipitation occurred in May-June, when tLe mean content in precipitation 
90 
was 3.1 8 pCi Sr/1 (cf. also the air measurements in 3 .2 .1) while the 
90 2 
maximum fall-out rate occurred in March-April 0.084 mCi Sr/km . 
Tables 4 .1 .2 and 4 . 1 . 3 show that the variation between locations was not 
significant. The mean levels for ten State experimental farms were 0.41 
90 2 90 
mCi Sr/km and 0. 82 pCi Sr/1. In Appendix A the country mean level 
90 2 
(area-weighted) is estimated to be 0.44 mCi Sr/km for a mean precipi-
tation amount of 539 mm (area-weighted), i . e. 0. 6 times the fall-out in 1974. 
A comparison between the amounts of precipitation found in the rain 
gauges used by the Danish Meteorological Institute ' and the amounts col-
lected in our rain bottles at the same locations in 1 975 showed a mean ratio 
of 1.15 - 0.05 (1 SE) between the two sampling systems. The 1 975-summer 
was warmer than normal. This resulted in a considerable evaporation 
from our rain bottles as compared to the daily collected rain gauges of the 
Danish Meteorological Institute, hence the ratio between the two systems 
became greater than usual. 
Strontium-
Table 4.1.1 
-90 fall-out In Denmark In 1975 
?er tod 
J a n . - F e b . 
M a r . - A p r . 
. l ay -June 
J u l y - A u g . 
S e p . - O c t . 








cC 1 /kn 2 
p c i / 1 
mCl /kn 2 
pCl /1 
nc i /krc 2 
PCI/1 
mci /km 2 
p c i / l i 
n c i / k n 2 I 
mm p r e c i p i t a t i o n " 
: y l s t r u p 
3 . 8 0 
0 .087 
1 .44 
0 . 1 2 9 
2 . 7 2 
0 .130 
0 . 6 9 
0 .056 
0 . 2 7 
0 . 0 2 6 
0 .21 




S t u d s -




0 . 1 4 ) 
2 . 9 5 
0 .060 
1 . 7 3 
0 . 1 0 0 
0 . 1 7 
0 . 0 2 2 
0 . 1 2 









3 . 5 0 
0 .064 
1 .10 
0 . 0 7 2 
0 . 3 1 
0 . 0 3 0 
0 . 3 6 
0 , 0 2 7 
0 . 8 7 
0 . 3 * 4 
440 
Askov 
0 . 8 0 
0 . 1 1 3 
1 .49 
0 . 1 4 5 
5 . 1 2 
0 . 1 1 3 
0 . 9 9 
0 . 0 8 4 
0 . 1 6 
0 . 0 2 4 
0 . 1 9 
0 . 0 2 9 
0 . 7 8 
0 . 5 0 8 
649 
S t . J y n -
devad 
0 . 7 3 
0 . 0 7 8 
1 .40 
0 . 1 2 5 
2 . 6 5 
0.O72 
1.68 
0 . 1 4 1 
0 .26 
0 . 0 4 2 
0 . 2 3 
0 . 0 2 3 
0 .84 
0 . 4 8 1 
569 
B U n q -
s t e d g i r d 
0 . 6 3 
3 . 0 5 6 
0 . 8 7 
0 .074 
2 . 5 4 
0 .041 
0 . 7 7 
0.C8O 
0 . 2 2 
0 . 0 2 1 
0 . 3 2 
0 . 0 3 0 
0 . 6 1 
0 . 3 1 1 
49« 
Tystofte 
0 . 7 6 
0 . 0 6 6 
1 . 1 0 
0 . 0 9 4 
6 . 0 3 
0 . 1 1 8 
o.»» 
0 . 0 5 6 
0 . 3 8 
0 . 0 2 2 
0 . 1 6 
0 . 0 1 7 
0 . 9 0 
0 . 1 7 3 
V l r u s e 
g * r d 
0 . 9 9 
0 . 0 9 0 
1 . 2 ] 
0 . 1 1 0 
( 3 . 3 5 ) 
( 0 . 0 7 5 ) 
( 1 . 0 7 ) 
( 0 . O 6 2 ) 
0 . 2 6 
0 . 0 2 5 
0 . 2 2 
0.O14 
0 . 9 0 
0 . 3 7 6 
4 2 0 
Abed 
0 . 6 « 
0 . 0 6 1 
1 . 0 5 
0 . 1 0 1 
1 .55 
0 .058 
0 . 9 9 
0 . 0 4 5 
0 . 5 4 
0 . 0 5 6 
0 . 1 3 
0 . 0 1 5 
0 . 6 9 




0 . 9 2 
0 . 0 6 1 
2 . 2 7 
o.:os 
3 . 3 3 
0 . 1 0 8 
1 . 0 1 
0 . 0 5 5 
0 . 2 9 
0 . 0 3 3 
0 . 2 2 
0 . 0 1 9 
1 . 0 9 
0 . 4 8 4 
445 
Ledrefaor«; 
0 . 7 8 
0 . 0 8 2 
1 . 2 1 
0 . 0 8 « 
3 . 1 0 
0 . 1 0 * 
0 . 6 6 
0 . 0 4 0 
0 . 2 9 
0 . 0 2 5 
0 . 1 « 
0 . 0 1 2 
1 . 8 2 
0 . 3 1 4 
407 
Keen* 
0 . 7 7 
0 . 0 7 9 
1 . 3 5 
0 . 1 2 4 
3 . 1 8 
0 . 0 * 4 
1 .08 
0 . 0 7 5 
0 . 2 7 
0 . 0 3 0 
0 . 2 0 
0 . 0 2 0 
0 . 8 2 
0 . 4 1 4 
507 
"Ledreborg not i n c l u d e d In mean. 
F i g u r e s In b r a c k e t s c a l c u l a t e d f r o * VA«3 
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U l l i « * . J . . ^ 
90 Analysis of variance of In pCi Sr/1 precipitation in 1975 
(frou table 4.1.1) 
Variat ion 























Analysis of variance of In raCi Sr/kra precipitation in 1975 
(frou table 4.1.1) 
Variation 





















4. 2. Strontium-90 and Caesium-1 37 in Soil 
As in previous years, soil was collected with a view to estimating the 
accumulated fall-out. The samples were collected in September from un-
cultivated areas as well as cultivated fields all over the country (cf. fig. 
4 .1 .1) down t J a depth of 50 cm. The uncultivated soils were collected at 
the depths 0-10, 10-20, 20-30 and 30-50 ctr while the cultivated soil 
samples were taken from 0-20, 20-30 and 30-50 cm. 
A new sampling technique was used in the 1 975 soil programme. The 
cores were collected by means of two tubes, one inside the other. The outer 
tube was first pressed down to the full sampling depth of 50 cm, whereafter 
the inner tube collected the various depth-sections inside the outer tube. 
This procedure enabled us to avoid contamination of the deeper soil sections 
by surface soil, because the outer tube lined the bore hole and thus prevented 
extraneous soil from entering the samples. Eight cores with a diameter of 
62 mm were collected at each location. 
90 Tables 4. 2.1 and 4. 2. 2 show the Sr results. The mean value of the 
90 2 
State experimental farms was 59 mCi Sr/km for uncultivated soil. Prom 
precipitation data, the accumulated fall-out in Denmark in 1975 was cal-
2 
culated to be 52 mCi/km , (cf. Appendix D). The corresponding determi-
1 37 
nation of Cs is shown in tables 4. 2.3 and 4 . 2 . 4 . The mean value of the 
137 2 
State experimental farms was 1C5 mCi Cs/km . A closer inspection of 
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Table 4 .2 .1 
Stroittiun-90 in uncul t ivated so i l col lec ted a t the s t a t e 
experiuental farms in 1975 (nci/kn*"} 
D e p t h i n cm 
0 - 1 0 
1 0 - 2 0 
2 0 - 3 0 
3 0 - 5 0 
: 0 - 2 0 
•L Q - 3 0 
: o-5o 
T y l s t r u p 
39 
1 2 . 1 
2 . 5 




S t u d s -
g å r d 
4 1 
5 . 6 





= . 7 
6 . 4 
8 . 5 
22 
1 2 . 1 
21 
4 3 
A s k o v 
22 
20 
1 2 . 7 




S t . J y n -







1 0 0 
B l a n g -
s t e d g å r d 
1 8 . 4 
1 7 . 1 
6 . 1 




T y s t o f t e 
1 4 . 4 
1 4 . 7 
9 . 7 




L e d r e -
b o r g 
1 6 . 5 
2 1 
1 0 . 6 




A b e d 
1 6 . 6 
2 1 
8 . 9 




Å k i r -
k e b y 
22 
31 
5 . 3 




M e a n 
22 
I H . 5 
9 . 3 





1 0 . 9 
7 . 1 
5 . 7 





3 . 4 
2 . 3 
1 . 8 





StrontiuM-'-tO in uncultivated soi l col lected a t the s t a t e 
experimental Earms in 1975 (pCi/kg) 
D e p t h i n clr. 
O- iO 
1 0 - 2 0 
2 0 - 3 0 
3 0 - 5 0 
X 0 - 2 0 * 
ii 0 - 3 0 " 
x 0 - 5 0 * 




8 . 3 
192 
1 2 3 
7 1 
i i t u d a -
y å r d 




2 0 9 










A s k o v 
1 9 5 
1 3 2 
0 2 
3 9 
1 5 8 
13C 
9 1 
S t . J y n -
d e v a d 
1 6 2 
1 4 4 
1 3 1 
49 
1 5 2 
1 4 5 
ion 
B l a n g -
s t e d e j å r d 
176 
1 4 1 
37 
1 1 . 0 
1 5 7 
107 
63 
T y s t o f t e 
1 5 8 
1 1 9 
20 
1 3 6 
1 1 2 
6 9 
L e d r e -
b o r g 
1 3 9 
1 3 5 
« 
1 4 . 4 
' 3 7 
11)5 
64 
A b e d 
3 0 5 
2 4 9 
76 
6 . 7 A 
2 7 1 
1 8 1 
7 9 
Å k i r -
k e b y 
1 9 2 
1 8 3 
4 2 
1 5 . 5 
1 8 7 
1 4 2 
1 0 1 
H e a r t 
2 1 5 
1 3 1 
6 0 
26 
1 6 4 
1 2 3 
7 9 
SB 















" w e i g h t e d m e a n 
T.ble 4.2.3 
Liiesijn-137 in uncultivated soi l coLlected a t -he s t a t e 
experimental farms in 1975 (nCi/Kn > 
D e p t h I n cm 
0 - 1 0 
1 0 - 2 0 
2 0 - 3 0 
3 0 - 5 0 
. 0 - 2 0 
;, c . -30 
;• 0 - 5 0 
T y l s t r u p 
93 
8 . 0 
3 . 2 




S t u d s -
g å r d 
8 1 
8 . 3 
3 . 4 








1 1 8 
6 2 
1 0 5 
2 2 3 
A s k o v 
6 2 
31 
1 8 . 7 
1 1 . 6 
9 3 
1 1 2 
1 2 3 
S t . J y n -
d e v a d 
3 5 
2 3 
1 0 . 1 




B l a n g -
s t e d g å r d 
4 1 
42 
9 . 4 




T y s t o f t e 
5 9 
1 6 . 4 
7 , 4 




L e d r e -
h o r g 
42 
2 5 
6 . 8 




A b e d 
30 
36 





Å k i r -
k e b y 
6 3 
2 3 
5 . 3 




M e a n 
54 
24 
1 2 . 0 
1 4 . 7 
7 8 
9 0 




1 2 . 1 







3 . 8 











X 0 -2"" 
« 0 - 1 0 * 
« o-so" 
*<wi9ht« ! a 
Ty l» trap 
• I I 
52 
1 » . 7 
• . 3 
377 
23« 
1 3 * 
Mn 












































i r c i / M » 













7 .3 B 
241 
15» 









































the figures in table 4. 2.1 - 4 . 2 . 4 reveals that Ødum and St. Jyndevad show 
unusual vertical distributions of the activity. At Ødum, the 30-50 cm layer 
90 13? 
shows unexpectedly high concentrations of Sr and especially of Cs. 
The concentrations are twice as high as in the upper layers, indicating some 90 
extraneous supply of activity. St, Jyndevad shows unusually high Sr levels , 
which may also indicate some extra supply of activity, especially to the 
deeper layers. Excluding Ødum and St. Jyndevad, the means of the re-
9 0 - 2 137 
maining eight stations become 55.5 mCi Sr km and 94,4 mCi Cs 
-2 km . These figures are compatible with the expected values from fall-out 
(cf. Appendix D) and with the findings in 19741 \ 
137 90 The mean ratios of C s / Sr of the soil samples (0-50 cm) collected 
in 1 975 were 1.66 for uncultivated soil (Ødum and St. Jyndevad excluded) 
and 1.63 for cultivated soil (cf. tables 4. 2.11 and 4 .2 .12) . These figures 
21) 
are close to the generally accepted ratio of 1.6 ', and we may conclude 
that the new sampling method prevents the deeper soil sections from being 
contaminated by surface soil , which has earlier ' resulted in an over-
137 90 
estimate of the Cs / Sr ratios in soil samples. 
90 137 
Tables 4. 2.6 - 4 . 2 . 9 show the Sr and Cs levels in cultivated soil . 
Comparing the mean ratios between cultivated and uncultivated soil (0-50 
cm), we find 0.89 t o. 13 (I SE) for ^ S r and 0.75 - 0.08 for 1 3 7 C s . A 
corresponding study was made in 1 973 but only to a depth of 30 cm. The 
corresponding ratios at that time were 0. 95 - 0,07 and 1.02 - 0.05, re-
spectively. We may conclude from the two samplings that cultivated soil 
from the State experimental farms contains approx. 10 percent less activity 
than uncultivated. 
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•••«>••* 4 . > . 5 
4 K/ka isneaUsv»tui! »oil col lec ted a t the state experluental {aras u 1975 
^"tpt^ IP. es: 
- *- i'-
Ty l s trup 
13.•» 




5 . -»-0.0 
» . i 
. . 3 
o . 4 
7 .5 
l i . 7 
11..1 
U . 4 
12.•> 
1 ) . 3 
i 1.1 
nSittJV 
1 0 . * 
•».4 
1 0 . 7 
1 1 . ! 
• . 9 
U>. > 
1 0 . 7 
S t . Jyn-
devad 
7 . 4 








1 4 . 7 
15 .2 
1 3 . } 
15 .0 
14 .3 
11 . ' ' 




I S . 3 
1 6 . 2 
1 6 . 5 





1 9 . 0 
1 9 . 4 
18 .1 
l « . S 




1 5 . 1 
14 .1 
1 3 . 3 
14 .2 
14 .2 
Å k i r -
keby 
1 8 . 3 
18 .5 
13 .4 
i 9 . 4 
















4 . 2 










f a b l e A.Z.t 
iitri>nt»un-'*0 in cu l t iva ted soi l col lected at the state 
exper imenta l farms i n 1*75 H C . / K L S > 












S t u d s -
ij ird 
17 .S 
9 . 9 











4 . 2 
8 . 2 
41 
49 














T y s t o f t e 
31 
1 0 . 4 











I « . * 
11 .4 
4 . 0 
31 
IS 

























S r r o r / -•;;•>—>0 in r u i t i v a t e d s o i l col' .r-crerf .-ir tttt* s t a t : . 
<>xj»er irniT.tal fårets in 1*75 ;pTi K<ji 
. - * . ' - • 












A s k o v 
M 
51 
i l l 
78 
S t . J y n -
Jcv . i . l 
86 













































C'aesium-L U it. cu l t iva ted »oil col lected at the state 
experimental farm« in 1975 inCi/km ) 






T y l s t r up 
7 1 
26 
3 .9 B 
99 
102 
















l . S A 
80 
14 
S t . Jyn-
devad 
76 
4 . 3 










T y s t o f t e 
60 
































6 . ' . 








Caesiur:-137 in c u l t i v a t e d » o i l c o l l e c t e d a t the s t a t e 
exper imenta l farsis in 19 " (pCi/kg) 




x o - j o " 
X 0 - 5 0 * 
T y l s t r u p 
285 
162 
8 . 0 B 
237 
129 


























10 .5 A 
164 
93 













































Table 4 , 2 . 1 0 
q K/kg c u l t i v a t e d s o i l c o l l e c t e d a t the s t a t e exper imenta l farms in 1975 




J 0 -30* 
I 0 - 5 0 * 
T y l s t r u p 
13 .4 
13 .« 
7 . 2 
13.4 
10 .5 
S t u d s -










1 8 . 0 
17 .4 
Askov 





S t . Jyn-
devad 
9 .6 
1 8 . 0 
1 0 . 6 
1 2 . 1 
















1 8 . 5 
1 9 . 4 
1 9 . 9 
18 .8 













2 1 . 1 
Mean 
l 4 . 7 
1 6 . 0 
1 4 . 5 
1 5 . 2 
1 4 . 9 
SD 
4 . 4 
4 . 1 
4 . 6 
4 . 2 







"ue lgnted M a n 
Table 4 . 2 . 1 1 
The r a t i o C s / Sr in u n c u l t i v a t e d s o i l i ron the Stat« experi i . iental farms, 1975 
(frorj t a b l e s 4 . 2 . 1 and 4 . 2 . 3 ) 
Dppth in cm 


















































































































0 . J -, 
0. J8 
Table 4 . 2 . 1 2 
The r a t i o C s / , 0 S r in c u l t i v a t e d s o i l from the s t a t e exper imenta l farms, 1975 
(from t a b l e s 4 . 2 . 6 and 4 . 2 . 8 ) 




J 0 -30 
X O-50 
T y l s t r u p 
1.7J 
1.30 
0 . 2 2 
1.57 
1.34 
S t u d s -
gård 
4 . 8 0 
1 .19 
K.43 






































































0 . 1 9 
0 . 1 5 
- 35 -
A comparison of the vertical activity distributions below 20 cm in 1 975 
shows great local variations. At Tylstrup, Studsgård, Blangstedgård and 
° 90 137 
Åkirkeby the Sr as well as the Cs levels indicate grea te r penetration 
into the deeper layers of cultivated soil than into uncultivated. At Ledre-
borg and Askov the opposite is the case . On average the cultivated soils 
below 20 cm contain more activity than the uncultivated. This was also the 
case in 1 973 when 3 of the 10 stations (Ødum, Jyndevad and Abbed) were 
examined down to a depth of 50 cm. The observations suggest that the 
cultivation of the soil may enhance the vertical migration of the activity. 
22) 
Squire ' has experimentally shown that the application of ferti l izers in-
c reases the penetration of radiostrontium, but not of radiocaesium. In 
agreement with these experimental resul ts , it appears (cf. table 4. 2.11 -90 4 . 2.1 2) that the verical movement of Sr in cultivated soil i s relatively 
137 137 90 
grea ter than that of Cs compared to uncultivated soil. The C s / Sr 
rat ios in the 30-50 cm layer are thus significantly higher in uncultivated 
soil than in cultivated. 
The vertical distribution of the activity may be described by exponential 
expressions ' if we disregard the upper layers, e .g . 0-20 cm, c o r r e -
sponding to the thickness of the ploughing layer. The following expressions 
were found: 
9 0 S r in cultivated soil: y = 1.1 7 e" 0 , 0 5 4 x eqv.(4. 2.1) 
9 0 S r in uncultivated soil: y = 1.10 e" 0 ' 0 6 5 x eqv.(4. 2. 2) 
1 3 7 C s in cultivated soil: y = 1. 87 e " 0 , ! 7 x eqv. (4. 2. 3) 
1 3 7 C s in uncultivated soil (Ødum excluded): y = 1. 53 e" 0 , ' 5 x eqv. (4. 2.4) 
_2 
where y is the activity of a 1 cm thick layer in mCi km of the respective 
nuclide at the depth (x + 20) cm. We may now estimate the total integrated 
90 137 
deposit of Sr and Cs in the two soil types (cf. table 4. 2.1 9). The 
activities of the 0-20 cm layer a r e taken from tables 4. 2. 6, 4. 2 . 1 , 4 . 2. 8 
and 4. 2. 3, respectively, and the activities below 20 cm are calculated as 
the infinite integrals from the above four equations. It appears that a 
90 
sampling depth of 50 cm seems adequate in all cases , except for Sr in 
90 -2 
cultivated soil where on average 2 mCi Sr km may have penetrated 
below 50 cm, 
The crops accumulate radionuclides both by direct and indirect con-
tamination. The direct contamination prevents some debris from reaching 
the soil and the indirect contamination removes some activity already 
90 137 
present in the soil. Table 4. 2. 20 shows that 1 -2% of the Sr and Cs 
deposited over average arable land during 1 950-1 975 have been removed 
- 36 -
net by crops; but this i s not sufficient to account for the 10% deficiency of 
activity in cultivated soils found in this study. However, in most cases the 
23) State experimental farms do not use manure , and the crops here have 
90 137 
thus removed 6-7% of the Sr and Cs deposition. 
Table 4 . 2 . 1 3 
Strontium-90 i n u n c u l t i v a t e d and c u l t i v a t e d s o i l 
from t h e surroundings o f R i s ø , 1975 (mCi/km ) 



















u n c u l t i v a t e d 
29 
1 2 . 7 
4 .5 





u n c u l t i v a t e d 
27 
1 1 . 7 















1 . 0 
0 .8 




R i s ø 
c u l t i v a t e d 
2 . 9 
5 . 9 
2 . 2 
2 . 9 
8 . 8 
1 1 . 0 
Table 4 . 2 . 1 4 
Strontiura-90 in u n c u l t i v a t e d and c u l t i v a t e d s o i l 
from t h e surroundings o f R i sø , 1975 ( p C i A g ) 





















































c u l t i v a t e d 
1 7 . 5 
51 
11 .7 






Caesiun-137 in uncultivated and cult ivated s o i l 
fron the surroundings of Ris«. 197S (nCi/ke.2) 










u n c u l t i v a t e d 
42 
1 6 . 1 






u n c u l t i v a t e d 
57 
1 3 . 9 
1 . 9 A 





u n c u l t i v a t e d 
50 























c u l t i v a t e d 
28 
5 .3 





Caesiura-137 in uncultivated and cult ivated s o i l 
fron the surroundings of Ris«, 1975 (pCi/kg) 







X 0 - 3 0 * 
x 0 - 5 0 * 
Bolund 









u n c u l t i v a t e d 
635 
118 
1 3 . 2 A 






























c u l t i v a t e d 
172 
45 







g K/kg uncultivated and cul t ivated s o i l 
frost the surroundings of Ris«, 1975 






























































The ratio Cs/ Sr in uncultivated an-J cultivated 
soil froo the surroundings of Rise, 1975 
(from tables 4.2.13 and 4.2.15) 






























































An estimate of the Sr and C s deposit in soil below the sampling depth of 50 cm 
Sample 
C u l t i v a t e d s o i l 
( c f . t a b l e 4 . 2 . 6 ) 
U n c u l t i v a t e d s o i l 
( c f . t a b l e ' . 2 . 1 ) 
C u l t i v a t e d s o i l 
( c f . t a b l e 4 . 2 . 8 ) 
U n c u l t i v a t e d s o i l 
( except Ødum) 
( c f . t a b l e 4 . 2 . 3 ) 
n u c l i d e 
9 0 S r 
9 0 S r 
1 3 7 C s 
1 3 7 C s 
T o t a l i n t e g r a t e d 
l e v e l in s o i l 
( 0 - 2 0 cm measured 
and 20-«° cm c a l c u l a t e d 
c f . t e x t ) 
26 .4+21 .6 - 48 
4 1 + 1 7 = 58 
1 1 + 5 9 = 70 
1 0 + 8 0 = 90 




5 8 . 7 
73 
91 
R a t i o between 
0-50 cm l e v e l 
and e s t i m a t e d 
t o t a l d e p o s i t 



























Mean produc t ion 
kg y" 1 
5 -10* 
2 - 1 0 9 
20 • 1 0 ' 
5 - 1 0 9 
20 - 1 0 9 
13 - 1 0 9 
0 . 0 3 - 1 0 9 
9
" S r 1» 
pCi k g - 1 y 
1 . 5 - 1 0 3 
10 - 1 0 3 
0 . 4 - 1 0 3 
2 - 1 0 3 
3 . 6 - 1 0 3 
3 . 6 - 1 0 3 










1 3 7 C s l , 
pCi kg" 1 y 
3 . 8 - 1 0 3 
•x-19 «10 3 
•v. 4 • 1 0 3 
•v- 1 - 1 0 3 
•\. 4 - 1 0 3 
•v 4 - 1 0 3 











Total f a l l o u t on 3 0 , 0 0 0 - 4 , 0 0 0 - 26 ,000 km 26»73 Ci • 1898 Ci Sr and 
2 6 - 7 3 - 1 . 6 = 3037 Ci Cs ( n o t decay c o r r e c t e d ) c r o p s has c a r r i e d 6.2% o f 
90 137 
the Sr and 7.3% of the Cs d e p o s i t . However, 80% r e t u r n s t o t h e f i e l d s 
as manure ' hence 1.2% and 1.5% o f the Sr and Cs r e s p e c t i v e l y have 
been removed permanently by t h e c r o p s . 
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It is remarkable that the cultivated soil from Abed in particular 
shows relatively low activity levels. Abed is located in zone VII (Lolland-
2 Falster), where beet for sugar production are an important crop (409 km 
with a beet production of 1. 7 x 10 tons in 1 974 '). The beet carry approx. 
29% of their own weight of adhering soil, which is descarded into the sea ' . 
As a result approx. 5 x 1 0 tons of soil are removed every year from the 
_2 beet fields of Lolland-Falster, or 1. 2 kg m , which corresponds to approx. 
30 
10' 
mCi 9 0Sr/km2 
4 0 - 15 cm 
4 0-20 cm 
f 0-30 cm 
• 0-50 cm 
0
 54 SS'S6 57SBS9eOM'62,6yU6S'W6lW69 70,7\"12'n'%'l$' 
Fig. 4. 2. A comparison between measured levels in soil collected in 
various depths (• 1 S. E.) and calculated (the curve) assuming an effective 
half-life of 27.7 y. 
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1 mm or 0. 5% p. a. of the ploughing layer. Although this removal of soil 
reduces the activity content of the cultivated soil, i t is not sufficient to fully 
account for the low levels found at Abed. If we consider other par ts of the 
country where sugar beet is less dominant, this removal of the activity may 
be without significance. However, some soil is also car r ied away from 
arable land by agricultural machinery (e. g. t rac tor wheels) and by soil drift. 
This soil drift may play a role because the fine part icles a r e especially 
susceptible to long-distance drifting. The fine par t ic les , e. g. clay minera ls , 
may be enriched in fall-out nuclides due to a higher ion exchange capacity 
than that of coarse particles, e. g. quartzgrains . It i s , however, extremely 
difficult to quantify the importance of soil drifting because of the lack of 
basic data. 
We may conclude that severa l factors a r e responsible for the lower 
activity levels observed in cultivated soil than in corresponding uncultivated. 
Local conditions, such as agricultural pract ice, soi l charac te r i s t ics , and 
90 
climate, are all factors of importance in this context. In the case of Sr 
some of the "miss ing" activity of the cultivated soils may be due to the 
90 
penetration of Sr below the sampling depth of 50 cm. In the present ma-
te r ia l the removal of activity with the crops seems to be of importance. 
Therefore, for the average cultivated soil in Denmark, we may expect 
levels higher than those found in this study. 
4. 3. Strontium-90 in Ground Water 
As in previous years , ground water was collected in March from the 
nine locations selected by the Geological Survey of Denmark. 
Figure 4.3.1 shows the sample locations and table 4 .3 .1 the resul ts of 
90 the Sr analyses (cf. also 5 .8 .4) . 
90 The median level of Sr in 1 975 was 3 t imes higher than that found in 
1 974. Figure 4. 3 . 2 shows the median levels in Danish ground water since 
1 961. 
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Fig. 4. 3 .1 . Ground-water sampling locations in Denmark, 
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Table 4 . 3 . 1 
StrontluB-90 In ground water co l l ec ted In March 1975 






F å r e t o f t e 
Kalundborg 
Ravnholt 
F r e d e r i c i a 
Mean 
Median 
9 0 S r p C l / 1 
0 .006 A 
1.44 
0 .021 A 
0.074 
0 .007 
0 . 0 0 2 B 
0 .031 
0 .004 B 
0 .017 A 
0 .178 
0 .017 














61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 




I f l 
OS 
« 1 C 2 S 3 H t 5 C S S T M S t n 7 l 7 2 7 3 K 7 S 
Fig . 4 . 3 . 3 . Strontium-90 in ground water at Feldbak, 1961 -75. 
4. 4. Strontium-90 in Fresh Water from Danish Streams and Lakes 
In March and September we repeated the sampling of fresh water from 
Danish streams and lakes, first carried out in 1 971 (Risø Report No. 265 '), 
in 1 973 only in March (Risø Report No. 3051'). 
Comparing the mean levels for the three years, we notice that the 1 973 
levels were a little lower than 1 971. In 1 975 the level were a little heigher 
than 1 973. 
90 The streams contained 0. 37 pCi .-»r/1 in 1 971, 0. 31 pCi/1 in 1 973 and 
90 
0. 33 pCi/1 in 1 975. The mean levels in the lakes were 1.50 pCi Sr/1, 
1. 29 pCi/1 and 1.34 pCi/1 respectively. However, an anova showed that the 
difference between the levels from the three years was not significant. 90 Table 4 .4 . 2 shows that the Sr levels in a neighbouring lake and 
90 stream to Feldbak, where the relatively high Sr levels are found in the 
groundwater (cf. fig. 4. 3. 3), are not unusual for Danish lake and stream 
water. 
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Table 4 .4 .1 
Strrn*'um-90 in Danish streams and lakes . March and September 1975 
Location 
Stream or lake 
Bangsbo å (stream) 
Nors sø (lake) 
Gudenå (stream) 
Mossø (lake) 
Skjern a (stream) 
Flyndersø (lake) 
Ribe å (stream) 
Hostrup sø (lake) 
Odense å (stream) 
Arreskov sø (lake) 
Suså (stream) 
Arresø (lake) 
Hal sted S (stream) 
Søndersø (lake) 
*L*s a (stream) 
*Alm. Gråmyresø (lake) 
Stream mean ti S.E. 
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Figures in brackets calculated from VAR3 
''collected in June. 
Table 4.4.2 




pCi 9 0 s r / l 
0.43 
0.72 











Fig. 5 .1 .1 . Dried milk factories in Denms/t. 
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5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1 975 
5 .1 . Strontium-90 and Caesium-137 in Dried Milk from the Entire Country 
As in the previous years, monthly samples of dried milk were collected 
90 from seven locations in Denmark (cf. fig. 5 .1 .1) and analysed for Sr and 
, 3 7 C s . 
90 Table 5.1.1 shows the results of the Sr determinations and table 
5 .1 . 2 the analysis of variance of the results. As in 1 972, 1 973 and 1 974, 
the variation between months was significant for S. U. , the levels in the first 
months of the year were the highest. The S. U. mean level in 1 975 was 4.1 
90 pCi Sr/g Ca, i . e. a little lower than the 1 974 mean. 
As previously, milk from eatern Denmark showed significantly lower 
levels than that from Jutland. 
1 37 Table 5 .1 .3 shows the results of the Cs determinations and table 
5.1.4 the analysis of Variance of the results. The M. U. mean level in 1 975 
was 3. 7 pCi ] Cs /g K or 16% lower than the 1 974 level. 
Figures 5 .1 . 2 - 5. i . 5 show the S. U. and M. U. levels in dried milk 
compared with the predicted values (cf. Appendix C). 
Table 5.1.1 
































































































































90 As 1 litre of milk contains 1.2 q Ca, the mean Sr content in Danish milk produced 
in 1975 was 4.9 pCi/1. 
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Table S . 1 . 2 
90 A n a l y s i s of var iance of In pCi S r / g Ca i n dr i ed mi lk in 1975 
(from t a b l e 5 . 1 . 1 ) 
V a r i a t i o n 





















Table 5 . 1 . 3 . 
























2 .9 A 
4 .3 







4 . 3 
1.0 11 
6 .6 
















6 .2*0 .8 
4 .6 






( 5 . 7 ) 











3 . 0 
3 .6 
2 .3 k 
3 . 2 
2 . 5 
2 .4 
3 . 1 
1.8 A 
0 .7 B 
0 .6 A 





4 . 2 









4 . 0 A 
2 . 2 





























137 As 1 l i t r e of milk c o n t a i n s 1.66 g K, the mean Cs c o n t e n t in Danish milk i n 1975 
was e s t imated a t 6 .1 p C i / 1 . 
Table 5.1.4 
Analysis of variance of In 137Cs pCi/g K in Danish dried milk 1975 
(from table 5.1.3) 
V a r i a t i o n 


























pCi 90Sr/g Ca 
1966 1960 1965 
Fig. 5.1. 2. A comparison between observed and calculated (curve, cf. 





i4H mo it« im *n 
Fig, 5,1. 3. A comparison between observed and calculated (curve, cf. 
appendix C) S. U, -levels in dried milk from Jutland. 
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• i * 
an 
Fig. 5.I .4. A comparison between observed and calculated (curve, cf. 
137 appendix C) pCi Cs/g K levels in dried milk from the Islands. 
100 
SO 
pCi 13fcs/g K 
IMI IMS fifl IW0 V79 
Fig. 5.1, 5. A comparison between observed and calculated (curve, cf. j 37 
appendix C) pCi Cs/g K levels in dried milk from Jutland. 
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5. 2. Strontium-30 and Caesium-l 37 in Fresh Milk from the Entire Coatry 
The samples of fresh milk were collected in the eight zones and in 
Copenhagen (cf. fig. 5 .2 .1) in connection with the total-diet collection 
(cf. 5.7). 
Table 5.2.1 shows the results of the determinations of radiostrontium 
and ' Cs in consumer milk. 
90 137 
The production-weighted means for Sr and Cs in Danish consumer 
milk in 1 975 collected in June and December were 4.6 S. U. (^ 5.5 pCi 
Qfl 1 1 7 
Sr/1) and 2. 9 M. U. or 4 .8 pCi Cs/1 respectively. 
As observed previously (except in 1 973), the fresh milk showed lower 
levels for caesium than the corresponding dried milk. Strontium showed a 
little heigher levels for fresh milk, than the corresponding dried milk. 
Table 5.2.1 
Strontiucs-91 and Caeslutt-137 in fresh rtllk In 1975 
Z0,e 
I : ^ u - l a a i 
I I : L-J - i t i a r j i 
I I I : « - J ; t li»"**s 
I'. ': S - J - i t l a r d 
V: Fun«*** 
VI : l «a la r. * 
' • ' I I : U J I La rv i -Fa i s t e r 
' . ' I I I : Ewrr.noi;' 
*<*«n 
C'>*j^r.ha-jer. 
r* j ^ j u l j * ion-wei - jh ted 
Fr j d u c t icn-weig.*.ted 
\< 1 Sr /q CJ 
^ . 3 
1 . 1 
5 . 1 




i . l 
4 . 4 
).« 
4 . 6 
5 . 7 
J a n * l'*75 
pCi i J - C » / 9 K 
3 . 4 
i . S 
4 . « 
1 . 4 
i . 7 
2 . 5 
2 . 2 * 
: . » A 
2 . 6 
2 . 2 
2 . 7 
3 . 0 
PC. 1 5 7 C . / i 
5.S 
4.A 
7 . 8 
2 . 2 
2 . « 
3.*> 
3 .S A 
2.*> A 
4 . 1 
3 . 5 
4 . 4 
4 . * 
9 0 
4 . 2 
3 . 3 
4 . 4 
2 . 1 
2 . « 
T « 
2 . 4 
3.« A 
3 . 1 
4 . 4 
3 . * 
3 . 5 
D*c«ab»r I »7«, 
pCi l 3 7 C » / 9 « 
2 . « 
3 . « 
J . « 
1.4 A 




2 . 2 
1.7 » 
2 . 3 
2 . « 
1 1 ? 
4 . 7 
S . » 
S . 3 
2 . 4 A 
4 . 5 
1.3 ft 
2 . 3 A 
2 . 1 B 
3 . 7 
2 . 7 B 
3 . « 
4 . 7 
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Fig. 5.2.1. Sample locations for fresh milk, bread and total diet. 
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5. 3. Strontium-90 and Caesium-1 37 in Grain from the Entire Country 
As in previous years , grain samples were obtained from the State ex-
perimental farms (cf. fig. 4 .1 .1 ) . Virumgård was replaced by Ledreborg 
in 1 969. Strontium-90 was determined as previously (Risø Report No. 63 ' ) , 
and 137 Cs was measured on ashed samples by V-spectrometry on a Ge-




Table 5. 3.1 shows the measurements of ""Sr in grain in 1 975. Ac-
cording to Appendix B, approx. 2/3 of all rye in Denmark is grown in Jut-
land and 1/3 in the eastern part of the country. As regards wheat, 4 /5 is 
produced in eastern Denmark and 1 / 5 in Jutland. In the calculation of the 
means in tables 5. 3.1 and 5. 3.4,A;Jutland i s represented by four rye figures 
and seven wheat figures, while eastern Denmark contributes nine wheat 
figures and four rye figures. Thus the means in tables 5. 3.1 - 5 .3 .4 for 
wheat a re higher than the production-weighted means for the country, while 
the rye means a re perhaps too low. Table 5. 3. 2 gives the analysis of 
90 
variance of the S. U. figures and table 5. 3. 3 that of the pCi Sr/kg grain 
figures. 
Tables 5. 3. 2 and 5.3 .3 show that the variations in S. U. between species 
and location - were significant. Rye showed the highest S. U. levels and oats 
90 the lowest, while the pCi Sr/kg figures were higher in oats than in the 
other species. 
As in previous years , the variation with location was highly significant; 
the mean pCi Sr/kg level for grain from Jutland was 2. 2 t imes that in 
eastern Denmark. 
Table 5.3.1 
Strontiiim-90 in Danish grain in 197s 
T y l s t r u p 
S t u d s g å r d 
Ødum 
A3kov 
S t , Jyndevad 
B l a n g s t e d g å r d 
T y s t o f t e 




w: w i n t e r v a r i e 
if ye 







W! 8 . 2 
WI 15.4 
-
WI 9 .5 
20 













v a r i e t y . 
B a r l e y 
Qn p e l Sr/Hg 
26 
27 




7 . 9 
13 .2 
7 . 4 » 1 , 3 









1 5 . 8 
26 




pCi 9 0 S r / k g 
s i 1 7 . 8 
wi 39 
wi 1 0 . 1 
wi 19 .4 
SI 21 
wi 59 
s : 36 
wi 1 7 . 4 
wi 8 . 5 
s i 1 4 . 1 
wi U . l 
•I I S . 5 
w i 3 . 4 £ 0 . 8 
s i 4 . 7 
wi 32 
s i 1 1 . 4 
2 0 
S . u . 









s i 31 
wi 47 
si 37 
W l l 3 . 9 * 3 . i 
s i 1 2 , 3 
wi 54" 
s i 30 
5 4 
O a t s 


























Analysis of variance of In S.U. in grain in 1975 
(from table 5.3.1) 
V a r i a t i o n 
be tw. s p e c i e s 
Betw. l o c a t i o n s 

























T a b l e 5 . 3 . 3 
90 A n a l y s i s of v a r i a n c e o f In pCi S r / k g g r a i n i n 1975 
(from t a b l e 5 . 3 . 1 ) 
V a r i a t i o n 
Cetw. s p e c i e s 
Betw. l o c a t i o n s 

























1 37 Tables 5. 3.4 A and 5. 3.4 B show the measurements of Cs in grain 
in 1 975, table 5. 3. 5 A the analysis of variance of the M. U. figures and 
1 37 table 5. 3. 6 A the analysis of variance of the pCi Cs/kg grain figures. 
1 37 The Cs levels in grain from 1 975 were 0. 33 times the levels in 1 974. 
The ratio between fall-out in May-August in 1 975 and 1 974 was 0. 38. 
Comparing the S. U. levels in gi'ain from the harvest of 1 975 with the 
levels from 1 9741 \ we find that the 1 974 figures a re 0. 66 t imes the 1 974 
levels. 
In figs. 5. 3.1 - 5. 3.1 6 a re shown a comparison between observed and 
90 137 
predicted Sr and Cs levels (cf. Appendix C). 
Table S .3 .4 .A 
caesiupi-137 in Danish gra in 
T y l s t r u p 
S t u d s g å r d 
Ødum 
A s R o v 
S t . J y n d e v a d 
B t a n g s t e d g å r d 
T y 1 t o f t e 
L e d r e b o r g 
Abed 
M t i r k e b y 
' e a n 
k y e 




8 . 6 B 
42 
1 0 . 5 U 
1 1 . 2 
1 0 . 7 
-
1 2 . 7 
1 7 . 0 
M . U . 
4 . 0 
4 . 5 
-
1 . 5 B 
6 . 4 
1 . 7 B 
2 . 2 
2 . 0 
-
2 . 6 
3 . 1 
B a r l e y 
p C i n 7 C s A g 
1 1 . 9 
1 2 . 6 .\ 
3 . 4 B 
7 . 9 B 
1 4 . 9 
B . D . L . 
1 2 . 8 
B . D . L . 
8 . 1 B 
1 0 . 8 A 
8 . 2 
H.II . 
2 . 0 
2 . ( A 
0 . « B 
1 . 4 B 
3 . 3 
B . D . L . 
3 . 1 
B . D . L . 
1 . 4 B 
2 . 1 A 
1 . 6 5 
W h e a t 
p C i U 1 C l A 9 
s : 0 . 9 B 
w : 3 3 
w : 3 . 9 B 
v : 4 . 9 B 
» i l O . S A 
w : 1 4 . 6 
s : 1 3 . 7 
w : 8 . C 
w : 9 . 7 A 
5 : 1 4 . 2 
« : 3 . 4 B 
S E B . D . L . 
w : B . 2 A 
3 : 1 2 . 7 A 
w , 5 . 8 B 
s : 7 . 6 A 
9 . 3 
H . I I . 
* : 0 . 2 B 
w: 4 . 7 
w: 0 . 8 B 
w : 0 . 9 B 
s : 2 . 1 B 
w: 3 . 3 
s : 3 . 0 
w; 2 . 0 
w: 2 . 1 Å' 
s : 3 . 4 
u: 0 . 9 B 
s : B . D . ' . . 
w: 1 . 7 A 
s : 2 . 7 A 
wt 0 . 9 B 
s : 1 . 9 A 
1 . 9 1 
O a t s 
pCi 1 3 7 c « A g 
5 . 0 3 
3 4 
2 9 
9 . 9 A 
3 9 
5 . 3 B 
1 4 . 6 
5 . 3 B 
1 2 . 4 
9 . 8 
1 6 . 4 
M . U . 
0 . 9 B 
6 . 9 
5 . 3 
1 . 7 A 
7 . 1 
0 . 9 B 
2 . 6 
0 . 9 B 
2 . 0 
1 . 9 
3 . 0 
w: w i n t e r v a r i e t y , s : s p r i n g v a r i e t y 
Table 5.3.4.B 
Caesium-137 in Danish grain in 1975 
determined by A.M.P. method (pCi/kg) 
T y l s t r u p 
S tudsgå rd 
S t . Jyndevad 






7 .1 A 
7.2 A 









w: 11 .5 
s ; 19 .4 
w: 7.6 
s : 12 .1 
w: 7 .8 
s : 9.0 
O a t s 
13 .8 
32 .5 
3 8 . 1 
B.D.L. 
7 .8 
Table 5 .3 .5 .A 
137„ A n a l y s i s of v a r i a n c e o t I n pCi i J Cs /g K i n g r a i n i n 1975 
(from t a b l e 5 . 3 . 4 . A ) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 


























Table 5 .3 .6 .A 
A n a l y s i s of v a r i a n c e of In pCi Cs/kg i n g r a i n in 1975 
(from t a b l e 5 . 3 . 4 . A ) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 


































pCi 9 0 Sr /g Ca 
' « æ ' T i e ? H i e ? "mi ' iw' 
Fig, 3. 3 . 1 . A comparison between obser .ed (- 1 S. E . ) and calculated 













• r r 
" ^ 
i i i i i i 
1970 
Fig, 5 .3 ,2 , A comparison between observed (- 1 S. E. ) and calculated 









pCi 9 0 Sr /gC i 
- 57 
" T 5 T — " — ' — ' — T i e ? — ' — • — ' — T O T T — ' — ' — ' — W — ' — ' — ' — W 
Fig. 5 . 3 . 3 , A comparison between observed (-1 S. E. ) and calculated 











pCi 90Sr/ 9 Ca 
9M IMO 
Fig. 5 . 3 .4 , A comparison between observed (- 1 S. E . ) and calculated 










pCi ^ S r / g Ca 
l»S5 ISM UK l»70 HH 
Fig. 5 . 3 . 5. A comparison between obsei /ed (- 1 S. E . ) and calculated 








pCi 3 J S r / g Ca 
ws n « UM 
r in. 5. 3 .6 . A comparison between observed (- 1 S. E . ) and calculated 
(curve, cf. appendix C) S. U. -levels in wheat from Jutland, 









1955 IMO 1965 1970 VH 
Fig. 5.3.7. A comparison between observed (- ' S. E.} and calculated 








pCi 90Sr/s Ca 
5-
01 
'.955 <M0 .MS1 ' ' ' '.970 W 
Fig. 5. 3. 8. A comparison between observed (- 1 S. E.) and calculated 








pCi °^s/ltg - 60 
—i r——r- I I I — i — r f i f l 
Fig. 5.3. 9. A comparison between oaser.ed (- 1 S. E.) and calcnlated 
137 (curve, cf. appendix C) pCi Cs/kg levels in rye from the Islands. 










I f H i i i ' . - . j < ' ' ntt 
Fig. 5.3.10. A comparison between observed (- 1 S. E,) and calculated 








pCi °fcs/kg - 61 -
0.1-1 r—r- • • i • • • • • . . - i • ' i i - - -» • • i i . i 
»so W w S WW IV7S 
Fig. 5.3.11. A comparison between observed (- I S. E . ) and calculated 











pCi ,37Cs/ kg 








Fig. 5.3.12. A comparison between observed (- 1 S. E.) and calculated 










pCi ,37Cs/ kg 
- 62 
i i i r i * i • i i i i i » i i » » i i i i " 
S55 INO IMS W» IDS 
Fig. 5.3.13. A comparison between observed (- 1 S. E.) and calculated 









0 l 4 — ? — — i — i — i — • <^„ . „ i i ' i i i i i • ' _ i 
IMS l»» IMS WTO IDS 
Fig. 5.3.14. A comparison between observed (- 1 S. E.) and calculated 









pCi ,3'c»/ka 63 -
W T " 1*5 l t » nti 
Fig. 5. 3.15. A comparison between observed (- 1 f. E.) and calculated 











pCi , 3 f t s / k g 
i i i • WO 
Fig. 5.3.16. A comparison between observed (- 1 S. E.) and calculated 




pCi " ^ s / kg 
pCi n t s / kg 
Fig. 5. 3.17. A comparison between the Cs concentrations in mutual 
grain samples from 1 975 measured by Ge(Li) spectroscopy directly on the 
ash (abscissa) and on AMP-precipitate (ordinate). 
5.4. Strontium-90 and Caesium-1 37 in Bread from the Entire Country 
In 1 975, samples of white bread (75% extraction) and dark rye bread 
90 
(1 00% extraction) were collected all over the country in June, and Sr and 
i 37 iQ7 
Cs were determined. The Cs determinations were carried out on 
the ash by Ge Y-spectroscopy. 
Tables 5.4.1 and 5.4. 2 show the results. It is assumed that 1 kg flour 
yields approx. 1. 35 kg bread ' and that wheat flour of 75% extraction con-
90 137 11 
tains 20% of the Sr and 50% of the Cs found in wheat grain ', while rye 
flour is 100% extraction. Hence we can compare the 1 975 bread levels with 
the 1 974 grain levels (cf. table 5.4.3). 
90 137 
Table 5.4.3 shows that the Sr and Cs levels in bread were in 90 
reasonable agreement with the above-mentioned model, except for Sr in 
white bread, where the bread levels were higher than expected. 
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Table 5 . 4 . 1 
S t r o n t i u v - 9 0 in Danish bread i n June 1*?S 
Zone 
I : •'. Jut land 
I I : E. Jut land 
I I I : W. Jut land 
IV: S. Jut land 
V: Funen 
VI: Zealand 
VII: L o l l a n d - F a l s t e r 







4 . 1 
9 . 3 
6 . 1 
5 .7 
6 .6 
6 . 1 
6 . 2 
6 . 6 
6 . 3 
5 .6 
6 . 4 
S .U. 
2 . 1 
4 . 7 
3 . 6 
2 . 6 
6 . 1 
3 . 4 
3 . 0 
3.S 
3 .7 
3 . 5 

















Table 5 . 4 . 2 
Caesiuia-137 in Danish bread i n June 1975 
Zone 
I : N. Jutland 
I I : E. Jutland 
I I I : W. Jutland 
IV: S. Jutland 
V: Funen 
VI: Zealand 
VII : L o l l z n d - F a l s t e r 







1 2 . 6 
1 0 . 0 
1 3 .6 
1 0 . 1 A 
1 1 . 1 
9 .2 
1 6 . 9 
6 .8 A 
11 .3 
9 .5 A 
10.S 
H.O. 
7 . 8 
5 . 9 
9 .4 
6 .3 A 
8 . 0 
6 .8 
9 .8 
4 . 7 A 
7 .3 
6 .7 A 
7 .2 
Rye bread 
























A c o u p a n s o n 9 0 . 
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Table 5 . 4 . 3 
137_ , . . . „ , . 
S'jcl ide 
9 0 S r 
1 3 7 C s 





Bread a c t i v i t y 
in June 1975 
c a l c u l a t e d a s 
g r a i n i n p C i A " 





A c t i v i t y in g r a i n 







r a t i o 
1.4 
0 . 9 
0 . 9 
0 . 9 
5. 5. Strontium-90 and Caesium-137 in Potatoes from the Entire Country 
The samples of potatoes were collected in September from ten of the 
90 137 
State experimental farms (cf. fig. 4 .1 .1 ) and analysed for Sr and Cs 
(Y-spectroscopy of bulked samples of the ash). 
90 137 
Table 5.5.1 shows the Sr and Cs contents in potatoes. The mean 90 
contents for the country were 3.7 pCi Sr/kg or 84 S. U. and 6.6 pCi 
1 37 
Cs/kg or 1.3 M. U. The levels were not significantly different from 
those of 1 974. 
' 37 90 The mean of the Cs/ Sr ratios (pCi/kg figures) was 2.0 (in 1 974: 
2. 0, in 1973: 1.4. in 1 972: 1.7, in 1 971: 3 .1 , in 1 970: 3 .8 . in 1969: 1.8. 
in 1 968: 2.6, in 1 967: 2 .1 , in 1 966: 2.6, in 1 965: 6, and in 1 964: 9). 
Table 5 . 5 . 1 
Strontium-90 and Caesrjn-137 in Danish p o t a t o e s in 1975 
T y l s t r u p 
S t u d s g å r d 
Ødum 
Askov 
S t . J y n d e v a d 
B l a n g c t e d g å r d 
T y s t o f t e 




pCi ^ S r / k g 
3 . 2 * 0 . 4 
4 . 4 * 0 . 4 
2 . 4 1 0 . 2 
5 . 8 
3 . 7 
2 . 2 - 0 . 1 
4 . 5 
2 . 3 - 0 . 1 
3 . 0 - 0 . 2 
S . l 
3 . 7 
" t w o C a - d e t e r m i n a t i o n s 
S . U . 
9 4 ± 1 5 
78* 6 
56* 8 
1 0 5 
62 
6 3 - 5 
2 5 " 
48* 1 
1 4 4 - 1 4 
1 6 6 
84 
pCi I 3 7 c s A g 
7 . 8 
J 
• V 
5 . 5 
6 . 6 
M.U. 
1 . 6 
1 . 0 
1 . 3 
Fig. 5 .5 .1 . A comparison between observed (- 1 S. E.) and calculated 
90 (curve, cf. appendix C) pCi Sr/kg levels in potatoes from the Islands. 
pfi ' " s t / k g 
IBS 1W' ' 'l»B' ' ' ' 'ifSf * ' ' '!»»' 
Fig. 5. 5. 2. A comparis: n between observed (- 1 S. E.) and calculated 




Fig. 5. 5. 3. A comparison between observed (- 1 S. E . ) and calculated 
i 37 (curve, ci. appendix C) pCi Cs/kg levels in potatoes from the Islands. 
pCi ,37Cs/kg 
Fig. 5. 5,4. \ comparison between observed (- 1 S. E.) and calculated 
1 37 (curve, cf. appendix C) pCi Cs/kg levels in potatoes from Jutland, 
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5. 6. Strontium-90 and Caesium-1 37 in Vegetables and Frui ts from the 
Entire Country 
In 1 975, as in previous years , vegetables and fruits were collected in 
September and December from eight larger provincial towns, one in each 
of the eight zones, and frem Copenhagen. 
The samples were collected in the autumn. 
The Y-measurements were performed on bulked ash samples r ep re -
senting the entire country (cf. table 5. 6.4). Tables 5. 6.1 - 5 .6. 3 show the 
90 
results and the analysis of variance of the Sr determinations. 
The variations between species were highly significant. The highest 
Sr levels (pCi/kg) were found in carrot, the lowest in apple. The variation 
between locations was probably significant, Lolland-Falster showed lower 
levels than Jutland. 
Table 5.6.1 
t>trontiui.t-9Q in vegetables and f r u i t s in 1975 
U U H C 
i : N. J u t l a n d 
I I : E . J u t l a n d 
I I I : W. J u t l a n d 
IV: S. J u t l a n d 
V: Funen 
VI: Zealand 
V I I : L o l l a n d - F a l s t e r 
V I I I : Bornholm 
Mean 
Copenhagen 













9 . 2 
12.7 























1 6 . 0 







































Tabla 5 .6 .? 
QA 
Analyala of v i r lone« of In pCi Sr/kcj In vagatablas and f r u i t a i n 197S 
(from table 5.6.1) 
va r ia t ion 
Betw. species 






















Analysis of variance of In S.U. in vegetables and f r u i t s in 1975 
(from table 5.6.1) 
Variation 
Betw. species 











































Leafy vegetables (cabbage) 
Root vegetables ( ca r ro t , onion) 
Pea 























90 The Sr leve ls in peas are those found lr. 1973. 
137 The Cs leve ls in peas are those found in 1974. 
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90 -1 
Figures 5. 6.1 - 5.6.4 show the country-wide mean pCi Sr kg 
levels in cabbage (white and red) and in carrots collected since 1961 com-
pared with the predicted levels (cf. Appendix C). 
90 90 
The Sr levels in cabbage and carrots depend primarily on the Sr 
90 
activity in the soil; during the last years approx. 95% of the Sr came 90 from the accumulated Sr in the soil. The relatively constant levels since 
1 966 are in accordance with the almost constant soil levels (cf. 4. 2) and 90 
support the statement in Appendix C that the availability of the Sr in the 
soil for root uptake does not decrease so rapidly as suspected in 1 971. 1 37 Figures 5. 6.5 - 5. 6. 6 show the corresponding curve for Cs in 
137 90 
cabbage and carrots. It i s evident that Cs in vegetables, unlike Sr, 
depends strongly on the fall-out rate. It also appears that the levels in 
137 
cabbage and carrots are similar, implying that the Cs is translocated 
in carrots from the parts above the soil to the roots. 
pCi 9 0Sf/ kg 
•Blangslvdglrd 
W ' ' ' W W ' ' ' '<w • ' • tin-
Fig. 5.6.1. A comparison between observed (- 1 S. E.) and calculated 














(curve, cf. appendix C) pCi Sr/kg levels in white cabbage from Jutland. 
pCi^Cs/kg 
*W5 1*70 197* 
A comparison between observed (- ! S. K.) and calculated 
{curve, cf. appendix C) pCi Cs/kg levels in white cabbage from Denmark, 
73 -
20 
pa * * / * § 
Fig. 5. 6.4. A comparison between observed (- 1 S. E.) and calculated 
(curve, cf. appendix C) pCi Sr/kg levels in carrots from the Islands. 
90 137 
Table 5.6.5 shows a calculation of the mean contents of Sr and Cs 
in Danish vegetables collected in 1 975, \ S r in peas was taken to be the 
same as the 1 973 figures). The levels a r e the population-weighted means 
calculated in tables 5.6.1 - 5. 6.4. 
The 1 975 levels in Danish fruit were calculated from apples and the 
90 137 
mean levels in Danish fruit were thus 1 . 7 pCi Sr/kg and 2.1 pCi Cs/kg. 
laCi ^ / b a 
- T 4 -
t n 
Fi«. 5.6.5. A comparison between observed (-1 S. E ) aa 
(curve, cf. appendix C) pCi Sr/kj level« te carrot« from Jatlaad. 
2» 
PCi " l ^ k , 
'OM -V ' ' ' W ' ' ' W mi 
fim. 5,6,6. A comparison between observed (- f S. £ . ) and calculated 
137 (carve, cf. appendix C) pCi Cs/kg levels in carrots from Denmark. 
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5. ?. Strontium-90 and Caesium-137 in Total Diet from the Entire Country 
In 1975 total-food samples representing an average Danish diet ac-
cording to E. Hoff-Jørgensen (cf. Appendix B in Risø Report No. 63 ') 
were collected from eight towns each representing one of the eight sones 
(cf. fig. 5.2.1) and from Copenhagen. The sampling took place as previously 
in June and December. 
Table 5.7.1 
Serontim*~90 and Caesium-137 in Danish total diet co l l t cUd in Jan* 197$ 
Zona 
I : H. Jut land 
I I : E . Jut land 
I I I : H. Jut land 
IV: S . Jut land 
V: Funen 
VI: Zealand 
VII : L o l l a n d - F a l s t e r 





R e l a t i v e error due t o 
a n a l y s i s 
pCi ' ° s * / g Ca 
6 . 7 i 0 . 6 
6 . 3 1 0 . 2 
5 . 8 1 0 . 0 
5 . 9 1 0 . 3 
7 . 0 1 0 . 0 
6 . 8 * 0 . 3 
6 . 5 1 0 . 5 
6 .S 




10 .510 .8 
» . 6 1 0 . 3 
8 . 9 1 0 . 1 
10 .110 .4 
10 .610 .0 
1 1 . 2 1 0 . 9 
9 .810 .3 
J.O.SiO.4 
1 0 . 2 
1 1 . 2 1 1 . 1 




1 . 5 3 : 0 . 0 1 
1 .5210 .01 
1 .7110.04 
1 .5310.01 
1 .6410 .06 
1 .52*0.07 
l . é l t O . u d 
1.58 
1 .5510 .01 
1.57 
3% 
pCi l 3 T C s / g « 
4 . 9 
4 . 1 
5 .0 





4 . 7 
5 .3 
4 . 6 
pCi i J *C»/d»J 
17 .6 
1 7 . 0 
16 .6 
18 .6 
1 3 . 0 
1 5 . 1 
26 .6 
2S .2 
1 8 . 1 
2 0 . 6 
17 .7 
Table 5.7.2 
Strontium-90 and Caesium-137 in Danish total diet collected in December 1975 
Zone 
I : N. Jutland 
I I . £ . Jut land 
I I I : H. Jut land 
IV: S . Jut land 
Vt Funen 
VI: Zealand 
VII : Lo l land-Fa l s t er 





R e l a t i v e error due t o 
a n a l y s i s 
pCi *°Sr /g Ca 
6.f>t0.2 
5 .210 .2 
6 . 2 : 0 . 1 
5 . 4 1 0 . 3 
5 . 9 1 0 . 1 
4 . 2 1 0 . 0 
4.61O.I 
5 . 6 1 0 . 2 
5 . 5 
4 . 6 1 0 . 1 
5 .2 
4t 
pCl M S r / d a y 
11 .410 .1 
9 . 4 1 0 . 5 
1 0 . 9 1 0 . 2 
9 .210 .5 
1 0 . 2 1 0 . 1 
8 . H 0 . 1 
7 . 8 1 0 . 2 
9 .0*0 .2 
9 . 5 
8 . 9 1 0 . 1 
9 . 5 
48 
g Ca/day 
1 .72*0 .06 
1 .7810 .03 
1 .77*0 .05 
1 .7210 .01 
1 .7410 .01 
1 .89*0 .03 
I.681A.OI 
1 .6310 .01 
1.74 
1 . 8 7 i 0 , 0 6 
1.81 
3% 
pCi 1 3 7 C s / g K 
2 . 9 
2.1 
3 . 5 






3 . 1 
2 . 9 
pCi 1 , 7 C s / d a y 
1 1 . 9 
8 . 1 
1 3 . 0 
1 1 . 6 A 
13 .4 
1 0 . 9 
14 .4 
6 . 9 A 
1 1 . 3 
1 2 . 1 
11 .5 
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Tables 5.7.1 ar»4 5 .7 .2 show the results. As in previous years, the 
variation between locations was significant. The S. U. levels in the total 
diet were approx. 50% higher in Jutland than in eastern Denmark. 
Figures 5.7.1 - 5 .7.4 show the zone mean levels (not populatidn-
weighteti) of S. U. and M. U. in total diet compared with the predicted values 
(cf. Appendix C). 
The 1 975 levels in total diet were lower than the 1974 levels. 
From the total-diet sampling it is possible to estimate the mean levels 
90 137 
of Sr and Cs in the Danish diet in 1975. For the period January-April 90 1 975 the Sr level in the total diet i s assumed to have been equal to that 
measured in December 1973, Risø Report No. 305 . For the period May-
September we assume the level to have corresponded to that measured in 
June 1 975. The December 1 974 figures is taken to represent the last three 90 
months of the year. The population-weighted mean of Sr in total-diet 
90 
samples was 7.0 pCi Sr/g Ca in December 1974. Hence the mean content 
in the total diet in 1975 was 6.4 pCi Sr/g Ca or T1 pCi ^Sr/day. 
137 In a similar way the Cs content in the Danish diet in 1975 was 





0* i^ —• ' • • i—J » i • »Sg"—'**—»**—**~'—' ' ' » 'mJ 
^T& ^^W Wlw ^ ^ ^ W » 
Fig. 5. 7.1. A comparison between observed (- I S. E.) and calculated 
(curve, cf. appendix C) S. U. 'levels in total diet from the Island«. 
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 W ' ' • 'mi ' • • W ' ' ' W ' • • W 
Fie. 5.7.2. A comparison between observed (- I S. E.) aid calculated 





pCi ,37Cs/o K 
Fig. 5.7.3. A comparison betwean observed (- t S. E.) and calculated 
(curve, cf. appendix C) pCi Cs/g K levels is total diet from the Islands. 
Urt, ° W t K 
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a» wm « • mm au 
Fif. S.7.4. A comparison between observed (- I S.E.) and calculated 
(curve, cf. appendix C) pCi Cs/g K levels in total diet from Jutland. 
5.8. Strontium-90 and Caesium-137 in Miscellaneous Foodstuffs 
5.8.1. Strontium-90 and Caesium-137 in Meat 
Pork and beef samples were collected in Copenhagen in three large 
shops in March, June, September, and November. Table 5.8.1 shows the 
results. Figures 5.8.1.1 - 5.8.1.2 show a comparison between observed 
and predicted levels (cf. Appendix C). 
Table S.B.I 
Strontlua-90 and Caesliaa-137 In pork and beef from Copenhagen In 1975 




p e l , 0 S r A 9 
pCi , 0 S r / g Ca 
pCi 1 3 7 C s A 9 
pe l 1 3 7 C s / g K 
pCi *°Sr/k9l 
pCi "st/q Ca 
pCi i 3 7 C s A 9 





7 . 6 
0 . 4 9 B 
7 . 5 B 
1 1 . 2 B 
3 . 5 B 
June 
0 .63 A 
10 .4 A 
56 
18 .0 
0 .95 B 
13 ,3 B 
25 A 
6 .6 A 
» • P . 
0 .33 B 
4 . 9 B 
(35) 
(11) 
0 . 7 6 B 
9.« B 
6 . 9 A 
2 .4 A 
HOV* 
1.17 
7 . 9 
14,4 A 
4 .6 A 
0 .37 B 









8 . 5 
22 
6 .7 
F igures i n brackets the nean of Jane and Hoveaber 
• O * " * . / « ! 79 
Fi*. S . t .1 .1 . A comparison between observed (- I S.E.) and ratmlatrd 
(curve cf. appendix C) pCi 
•Ci 13k% I kg 





i l i • I l „ J i • > i ^ i i • i _ J i i i '2fT~ 
Fig, 5. •. 1.2. A comparison between observed (- I S. E.) and calculated 










pa t ^ / i « 
62 63 64 65 66 67 6B 69 70 71 72 73 » 7 5 
Fig. 5. g. 1 .3 . Caesium-137 in Danish milk and » c a t (2 /3 pork and t / 3 bc«f), 
1962-75. 
5 .8 .2 . Strontium-90 and Caesium-137 in Fish 
Fish samples were collected in inner Danish waters together with the 
sea-water samples (cf. 7). Tables 5,8.2.1 and 5.8. 2.2 show the results. 
137 The mean levels in fish from 1975 were 69 pCi Cs/kg (5 samples) and 
90 0.65 pCi Sr/kg (5 samples). 
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Table 5.8.2.1 
Strontium-90 and Caesium-137 in fish collected 
in 1975 
Cod 
P l a i c e 
He r r i ng 










R o s k i l d e 











90 u Sr pCi /kg 
0 .53 B 
0.73 A 
0 .69 B 
0 .89 B 
0 .41 A 
Sr p C i / g Ca 
0 .70 B 




0 .25 A 
2 .3 B 
0 .38 A 
1.4 A 
0 .87 






1 3 7 C s p C i / g K 
29 
1 3 . 0 
26 
1 2 . 5 
12 .8 
Table 5.8.2.2 
Caesiura-137 in fish (meat + bone) collected by Dana in 1975 

























































5. 9. Estimate of the Mean Contents of Sr and Cs in the Human Diet 
in Denmark in 1 975 
5. 9 .1 . The Annual Quantities 
The annual quantities a re calculated by multiplication of the daily quan-
tities by 365 (as stated by E. Hoff-Jørgens en, cf. Risø Report No. 63, 
table B1 *). 
5. 9. 2. Milk and Cream 
90 137 
The Sr and Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf. tables 5.1.1 and 5.1.3) . 1 kg w 1 1 
milk, containing approx. 1. 2 g Ca and 1. 66 g K. Hence the mean contents 
in milk were 4. 9 pCi Sr/kg and 6.1 pCi Cs/kg. 
5. 9. 3. Cheese 
90c 
137 
One kg of cheese contains approx. 8. 5 g Ca and 1. 2 g K. The Sr and 
Cs contents in cheese were calculated from these figures and from the 
S. U. and M. U. levels in dried milk (cf. tables 5.1.1 and 5 . 1 . 3). One kg 
of cheese appeared to contain 34. 7 pCi Sr and 4.4 pCi Cs. 
5. 9. 4. Grain Products 
90 ' 37 
Tables 5. 9.1 and 5. 9. 2 show the estimates of Sr and ' Cs respec-
tively in grain products consumed in 1 975. From these tables the activity 
90 
levels in grain products were estimated at 1 5. 0 pCi Sr/kg and 24. 6 pCi 
1 3 7 Cs/kg . 
Table 5 . 9 . 1 
90., Es t ima te of t h e !>r c o n t e n t in g r a i n p r o d u c t s consumed 
per c a p i t a in 1975 
T y p e 
Rye f l o u r 
(100% e x -
t r a c t i o n ) 
VJheat f l o u r 
(7 5% e x -
t r a c t i o n ) 
G r i t s 
T o t a l 
F r a c t i o n f r o n h a r v e s t 
1974 
kg f l o u r 
2 1 . 9 
1 2 . 9 
5 . 5 
6 0 . 3 
p C i / k g 
32 
6 . 2 
1 6 . 0 
1 6 . 5 





F r a c t i o n f rom h a r v e s t 
1 9 7 5 
kg f l o u r 
7 . 3 
1 0 . 9 
1 .8 
2 0 . 0 
p C i / k q 
20 
4 , 0 
1 2 . 4 
1 0 . 6 





T o t a l 







137, Estimate of the Cs content in grain product« consumed 


















































5. 9. 5. Potatoes 
., 90c The figures in table 5.5.1 were used, i. e. 3.7 pCi Sr/kg and 6.6 
pCi ' 3 7Cs/kg. 
5. 9. 6. Vegetables 
90 137 
Table 5.6. 5 shows the calculation of Sr and Cs in Danish vegetables 90 
consumed in 1 975. The mean contents were 10.6 pCi Sr/kg and 3. 2 pCi 
1 3 7Cs/kg. 
5. 9. 7. Fruit 
The levels in imported fruit in 1 975 are assumed to be equal to the 
mean levels found in lemons, oranges, grapes and bananas collected in 
Copenhagen in 1 974, i. e. 6. 6 pCi 90Sr/kg and 2.4 pCi ' 3 7Cs/kg. The 
90 
mean levels in Danish fruit (apples) in 1975 were 1. 7 pCi Sr/kg and 2.1 
pCi ' Cs/kg (cf. 5. 6), The daily mean consumption of fruit consisted of 
100 g of Danish and 40 g of foreign origin. Hence the mean contents in fruit 
qn 1 77 
were 3.1 pO' Sr/kg and 2. 2 pCi Cs/kg. 
5. 9. 8. Meat 
90 137 
The am-
 t * n.eai. values of Sr and Cs in meat were calculated 
from table .3. 8 .1 : 0. 3 pCi 9 0Sr/kg and 2d. 3 pCi '' C7Cs/k;?. (Danish. neat 
consists: u." >/3 »ork aad 1/3 beef). 
The "or .mi 
., ' I S . J pC 
r 37 
Cs contents in -is- ?.re e.-*!'matfc< 
n.A R9 r,-.:i m C s / k g . 
• ov.\ r>. f*. 
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5. 9.10. Eggs 
The activity contents in eggs were estimated from a I 975 sample col-
on t 37 
lected in Copenhagen. The levels were 0.9 pCi Sr/kg and 2.1 pCi Cs/kg. 
5. 9.11. Coffee and Tea 
One third of the total consumption consists of tea and two thirds of 
90 
coffee. The mean contents from 1974 were used: 24. 9 pCi Sr/kg and 36:9 
pCi ' 3 7 Cs/kg. 
5. 9.1 2. Drinking Water 
90 
The Sr level (population-weighted mean) found in drinking water col-
lected in June 1973 was used as the mean level for drinking water, i . e. 
90 137 
0.02 pCi Sr/1. The Cs content in drinking water is assumed to be 
negligible, because it cannot be detected even in surface fresh water (cf. 4.4). 
5. 9.13. Discussion 
90 137 
Tables 5. 9. 3 and 5. 9.4 show the estimates of Sr and C s in the 
Danish diet in 1 975. The figures should be compared with the levels cal-
90 
culated from the total-diet samples (cf. 5. 7). The Sr estimates obtained 
Table 5.9.3 
90 Estimate of the mean content of Sr in the human diet in Dennark in 1975 
Type of food 









Coffee and tea 
Drinkim water 
Tct-il 
1'he mean .-raleuim 
I " * 4 . / f <•• r a t « ; . >'.'••,:'. 
in 1«7!,. 
Annual 
quant i ty 
in kg 
164.0 






7 0 ,9 
10.9 
5 . 5 
•518 
j , r ' ake was ef 
-• the- ""''Sr/Ca 
PCi 9 0 Sr 
per kg 
4 . 9 
34.7 
15 .0 
3 . 7 
10.6 
3 . 1 
0 . 8 
0 . 9 
0 . 6 
24 .9 
' . 0 2 
Total 








9 . 8 
o . 5 
13"' 
11 
" > ' .' > 
..irwte.t .t f.."* < \ }>•:->• . 
r a t i o in the *-jt.:, i iut \ . 
Percentage of 
t o t a l pCi 9 0 S r 
in food 
23.5 
9 . 2 
35.2 
7 . 9 
13.6 
4 . 6 
1 . 3 
0 . 3 
0 . 2 




L . ! 





Esttnate of the nean content of Cs in the human diet in Denmark in 1975 
Type of food 








i i s h 

















PCi " 7 C . 
per kg 









3 6 . 9 
0 
Tota l 













Percentage o f 
t o t a l pCi 1 3 7 C « 
i n food 
1 5 . 8 
0 .6 
3 1 . 2 
7 . 6 
2 . 2 
1 .8 
2 5 . 3 
0 .5 
1 1 . 9 
3 .2 
0 
As the approximate intake o f potassium was 1365 g , t h e pCi Cs /g K 
137 
r a t i o was approx. 4.f>. The d a i l y mean in take in 1975 was 17.4 pCi Cs 
per c a p i t a . 
by the two methods were 5.5 S. U. and 6.4 S. U. respectively, and the Cs 
i 37 i 37 
estimates were 1 7 pCi Cs/day and 18 pCi Cs/day. The deviations 
90 between the two estimates for Sr are partly ascribed to the disagreement 
between the actual levels in bread and those calculated from grain (cf. table 
5.4.3) . 
90 The relative contributions of Sr from milk products (~33%) and from 
grain (35%) were nearly unchanged compared with 1 974. The contribution 
from potatoes, other vegetables, and fruit was —26%, i . e . also unchanged 
137 
from 1 974. The relative contribution of Cs in the total diet changed as 
follows from 1 974 to 1 975: milk products were lower (22 to 16%), grain 
products increased from 1 8 to 31 %, and meat was a little lower (28 to 25%). 
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6. STRONTIUM-90 AND CAESIUM-137 IN MAN IN 1975 
6 .1 . Strontium-90 in Human Bone 
The collection of human vertebrae from the institutes of forensic medi-
et 
cine in Copenhagen and Arhus was continued in 1975. As in the total-food 
survey (cf. 5. 7), the country was divided into eight zones. The samples 
were divided into five age groups: new-born ( {1 month), infants (1 month -
4 years), children and teenagers ( 5 - 1 9 years), adults (* 29 years) and 
adults ( / 29 years). 
Tables 6.1.1 - 6 .1 .5 show the results foi the five groups. 
The levels were generally a little higher in 1 975 than in 1974. The 
highest mean level in vertebrae was found in infants, but the levels in the 
different age groups were not much different. 
Table 6 . 1 . 1 












pCi , 0 S r / g Ca 
1.31 A 
T a b l e 6 . 1 . 2 
















1 y 7 m 
1 y 8 m 
2 n 
2 y 9 n 
4 m 
"• 5 m 


























*1 samples combined i n one a n a l y s i s 
**2 samples combined i n onu a n a l y s i s 





2 .01 A 
1.32 A 
1.53 































































































































































































































































































































































StroRtiua-SQ in vertebra« trom adults (> 29 ye&rs old) la 1975 
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Table t.l.t 
Strontiu^!-90 ipCi/g Ca) in huaan vertebrae collected in Denmark in 1*»?5 
Age group 
New-born 
(< 1 Bionth) 
I n f a n t s 
Children 
(<^  19 years) 
Adults 
(<^  2» years) 
Adul ts 
(>^  30 years) 
Kunber o f 






»saber o f 















3 . 0 0 








Mean o f 
a n a l y s i s 
1 .31 





































6t '62 ,»3'6*'65'66'67'68'69'70'7r72'73'7*'75' 
Fig. 6 , 1 , ! . Strontium-90 in bone from 




/ 9 Co in Infants (»I manttK4 ytars) 
v
 v 
61 '62'63-6t'65'6& 67 6s'89'70 71 '72*73 "7*75' 
Fig. 6 . 1 . 2. Strontium-90 in bone from 
infant? 1962-75. 
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BO '•sr / s C« m C W * w l > * yews« T§ m n l 
2 
-4 
6! 62'63'ui-65'S6'67'6«'S9'7a'7I'72'73'74 "75' 
Fig. 6 .1 . 3. Strontium-90 in bone from 
children 1961-75. 





• ! 'S2 '« l '« i 'CS '« ' tT '« 'WK'9 l 'T2 'T3 '« 'n ' 
Fig. 6. t . 4 . Strontium-90 in vertebrae 
from adults « 29 y, I i.61 -75. 
pC> ^ S r /
 9 Co in Mults ( » 2 9 years ) 
2- r \ 
i 
i \ f"^^—-* 
J 
Éi'é2'é}'6t'64'6A'67'éé'é9'J6'?iT7T"7TVTY"" 





V J V 
Fig. 6.1.7, Strontium-90 in human bone from Danish cohorts I »60-66 
90 (abscissa: age in years. Ordinate: bone level in pCi Sr/g Ca). 






© , © ® @®@ 
I I 1 i ' i • i i f » i r • • < » • ? t 
3d Ud 30d k Smftmt« 2y l y 7y10y 20y40ytOyK>y 
Fig. 6. t . C. Strontium-90 in human vertebrae in 1975 (the figure« i s the 
circles indicate the number of sample«). 
pCt "s r / fCa 
Fig. 6.1.8. Predicted 3. U. levels in newborn bone (rem Denmark (curve, 









Fig. 6.1. 9. Predicted S. U. levels in adult vertebrae ( ) 29 year) bone 
from Denmark (curve, cf. appendix C) compaired with the measured 
mean levels (- 1 S. E.). 
6. 2. Caesium-1 37 in the Human Body 
In July 1 963 whole-body measurements were initiated at Risø in the 
low-level counting room in the Health Physics Department (cf. 2.3 in Risø 
Report No. 85 '). A control group from the Health Physics Department 
v/as selected and has since then been measured three times a year, but in 
1 975 only two times. Table 6. 2 shows the results. 
1 37 The annual mean value of the control group was 11,3 pCi Cs/g K, 
As earlier, we shall consider this figure representative of the mean of the 
1 37 Danish population in 1 975. The total-body content of Cs in 1 975 for a 
-3 
standard man containing 140 g of potassium equals 140 • 11.3* 10 nCi * 
1.6 nCi Cs, i, e. nearly unchanged from 1 973 and 1 974. 
Figure 6. 2 shows the mean M. U. values (with one S. E.) for men and 
women measured in 1 963-1 975. 
The maximum was reached in August 1 964. The figure also shows that 
the mean level in the male group was approx. 1.3 - 1.5 times as high as 
that in the female group. 
- 95 -
Table 6.2 


































































































































































































































































































































i n body 
7 . 2 
20.0 
4.4 B 
9 .2 A 

































7 . 6 
9.0 A 
14.4 A 

































7 .9 A 
4.4 B 
10.8 B 































1 . 8 
2 . 0 
l . C 
1 . 9 
2 . 0 
1 .7 
2 . 0 
2 . 2 
2 . 1 
2 . 6 
1 . 6 
2 . 3 
2 . 3 
2 . 2 
1 . 5 
2 . 1 
1 . 8 
1 . 7 
2 . 3 
1 . 5 
1 . 8 
1 .7 
2 . 1 
1 . 7 
1 . 6 
1 . 7 
2 . 0 
1 . 6 
1 . 9 
2 . 0 
2 . 0 
2 . 2 
2 . 0 
2 . 0 
1 . 5 
1 . 7 
2 . 1 
1 . 6 
2 . 1 
1 . 8 
1 . 8 
1 . 8 
1 . 8 
1 . 9 
2 . 3 
1 . 8 
2 , 0 
1 . 4 
1 . 5 
1 . 7 
1 . 7 




pCi °^» /9 K 
Fig. 6.2. A comparison between observed (- 1 S. E.) and calculated 
1 37 (curve, cf. appendix C) pCi Cs/g K levels in whole-body from the Islands. 
7. STRONTIUM-90 AND CAESIUM-137 IN SEA WATER IN 1 975 
As in previous years, seawater samples were collected by M/S Fyr-
holm in the summer and late autumn from inner Danish Waters (cf. table 
7.1 and figs. 7.1 and 7. 2). Furthermore, seawater samples were collected 
at Barseback in the Sound (table 7.2), and at Ringhals in the Cattegat (table 
7. 3). The DANA took samples in the North Sea and the Skagerak in February 
and in June (tabJe 7.4). 
In Risø Report No. 305 ' it was suggested that the increasing Sr and 
137 Cs levels observed in 1 973 in inner Danish waters were due to con-
137 tamination from inflow of water from the North Sea contaminated with Cs 
90 and Sr from nuclear plants in the UK and France. 
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Table 7.1 
Stroatlu»-»o u d Caesiua-137 tn M a t o r collected around taalaad in Hay and H w i U i 197S 
Kuller . 
H e s s e l « 
K a t t e g a t SM 
A s n c s r a v 
Hal skov r e v 
Lange land b a i t 
Femern b a i t 
Gedser r e v 
Haen 
The Sound - s o u t h 
The Sound - n o r t h * 
The Sound - n o r t h B 
P o s i t i o n 
H 
S « ° 1 5 -
56°10> 
5 « ° 0 7 ' 
5 5 0 3 8 ' 
55° 2 0 ' 
5 4 ° 5 2 ' 
S 4 ° 3 6 ' 
54°28> 
5 4 ° 5 7 ' 
5 5 ° 2 5 ' 
5 5 0 4 8 ' 
S 5 ° 5 9 ' 
E 
1 2 ° 2 5 ' 
11°47" 
1 1 ° 1 0 ' 
1 0 ° 4 7 ' 
U ° 0 2 ' 
1 0 ° S 0 * 
1 1 0 « * ' 
1 2 ° 1 3 * 
1 2 ° 4 1 ' 
1 2 ° 3 9 ' 
1 2 ° 4 4 ' 








d a p t h 


























B o t t o m 
M S r 
p C l / 1 
O . M 
0 . 5 4 
0 . 6 S 
0 . 5 0 
0 . 7 5 
0 . 6 0 
0 . 6 9 
0 . 7 2 
0 . 6 0 
0 . 7 6 
0 . 7 2 
0 . 4 1 
0 . 6 9 
0 . 0 6 
0 . 0 2 
0 . 5 5 
0 . 1 2 
0 . 0 5 
S a l i n i t y 
o / o o 
1 2 . 6 
3 4 . 0 
1 7 . 9 
3 3 . « 
1 5 . 7 
3 3 . « 
1 6 . 1 
3 2 . 7 
1 6 . 1 
3 1 . 0 
1 6 . 7 
2 « . 4 
1 2 . 6 
2 6 . 5 
1 0 . 0 
1 4 . 9 
» . 4 
1 1 . 0 
8 . 1 
8 . 2 
9 . 3 
3 1 . 8 
1 4 . 2 
3 3 . 1 
1 3 . 2 
3 . 5 
1 . 0 
2 6 . 6 
9 . 6 
2 . 8 
l
" c . 
P C I / 1 
0 . 9 « 
0 . 4 9 
0 . 8 9 
0 . 7 6 
0 . 7 4 
0 . 7 6 
0 . 8 8 
0 . 8 5 
1 . 0 7 
0 . 9 1 
0 . 8 6 
1 . 1 2 
0 . 7 7 
1 . 1 5 
0 . 7 4 
1 . 0 2 
0 . 7 0 
0 . 7 8 
0 . 6 8 
0 . 8 2 
0 . 4 0 
1 . 0 8 
0 . 6 6 
0 . 9 0 
0 . 7 8 
0 . 1 7 
0 . 0 5 
0 . 8 9 
0 . 1 9 
0 . 0 5 
» n e a r t i i r 



























B o t t o a 
»°Sr 
p C l / 1 
0 . 5 4 
0 . 7 1 
0 . 6 5 
0 . 7 8 
0 . 6 8 
0 . 7 4 
0 . 6 1 
0 . 6 3 
0 . 4 3 
0 . 7 0 
0 . 0 9 
O.OS 
0 . 6 1 
0 . 1 1 
0 . 0 5 
S a l i n i t y 
o / b o 
2 2 . C 
3 3 . 6 
2 0 . 4 
3 2 . 0 
2 1 . 1 
2 9 . 7 
1 6 . 7 
2 8 . 2 
1 7 . 6 
2 5 . 5 
1 7 . 3 
2 3 . 5 
1 7 . 8 
1 7 . 3 
1 3 . 3 
1 4 . 2 
9 . 0 
1 4 . 6 
8 . 8 
9 . 5 
1 5 . 2 
3 1 . 7 
2 1 . 9 
3 2 . 1 
1 6 . 8 
4 . 6 
1 . 3 
2 4 . 3 
8 . 4 
2 . 4 
"
7 c , 
p C i / 1 
O.M 
0 . 9 0 
0 . 6 2 
1 . 2 1 
0 . 5 7 
1 . 1 3 
0 . 7 3 
0 . 9 7 
0 . 6 9 
0 . 9 7 
0 . 7 1 
0 . 9 2 
0 . 7 3 
0 . 9 0 
1 . 0 7 
0 . 7 5 
0 . 7 1 
0 . 9 0 
0 . 5 9 
0 . 6 2 
0 . 5 2 
1 . 1 2 
0 . 7 1 
1 . 0 9 
0 . 7 2 
0 . 1 6 
0 . 0 5 
0 . 9 6 
0 . 1 7 
0 . 0 5 
In accordance with this assumption the Sr concentration has especially 
increased in sea water of high salinity as shown in the following regression 
equations: 
pCi 9 0 Sr 1" 
pCi 9 0 Sr 1" 
pCi 9 0 Sr 1" 
pCi 9 0 Sr l"1 
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Table 7.4 
Strontiuia-90 and Cacs iw-137 in ae* uater c o l l e c t e d 
In the ttorth Saa and Skagarak in 1975 
P o s i t i o n 
56°38'N 07°19 'E 
S4°19'N 0S°27'E 
57°30't l 08°00*E 
56°00*N 00°23'W 
53°56'H 03°51 'E 
58°12*N 09°2Q'E 
«. " » —. * — 
_ • - _ • _ * 
_ - _ _ • _ * 
_ » _ _ » _ >o* 
_ » _ _ » _ ** 
55°19'H 07°4C'E 
54°44'N 01°40 'E 
55°17'N 0 4 ° 4 5 ' E 
57°03'N 01°39'W 
57°15'N 04°30 'E 
60O15'N 0 0 ° 3 0 , E 
59°55*H 02°10'W 
58°15 'B 02°35 'E 




S .D . 
S . E . 
640 ro depth R i s « 
Dat« 
2 7 / 2 
1 1 / 2 
2 7 / 2 
2 0 / 2 
1 3 / 2 
2 8 / 2 
1 /3 
2 8 / 2 
2 8 / 2 
2 8 / 2 
2 8 / 2 
9 / 2 
2 1 / 2 
1 6 / 2 
1 7 / 2 
2 0/6 
2 3 / 6 
2 0 / 6 




c o l l e c t 
pCi * ° S r / l 
i . 3 4 
0 .87 
1 .47 
0 . 9 3 
0 . 3 0 
0 . 3 7 
0 . 3 4 
1 .43 
0 . 4 8 
0 .24 
0 . 2 1 
0 . 4 2 
0 . 3 9 
0 . 1 8 
l o a t 
0 . 6 ? 
0 . 4 6 
0 .12 
o r **640 • 
pCi 1 3 7 c a / l 
1 . 6 S 
1 . 6 2 
1 . 0 0 
1 . 4 9 
1 . 5 6 
1 . 0 7 
1 . 0 0 
0 . 6 8 
0 . 5 2 
0 . 7 9 
0 . 5 2 
1 . 4 3 
2 . 0 3 
1 .56 
2 . 5 4 
0 . 9 7 
0 . 4 6 
0 . 7 2 
1 .04 
0 . 7 9 
0 . 5 7 
2 . 4 0 
1 . 2 0 
0 . 6 0 
0 . 1 2 
depth U . S . A . c 
S a l i n i t y 
o / b o 
3 4 . 2 
3 4 . 5 
2 8 . 0 
2 7 . 7 
3 4 . 5 
2 6 . 8 
3 0 . 9 
3 4 . 7 
-
3 5 . 0 
3 4 . 7 
3 2 . 3 
3 4 . 5 
3 4 . 2 
3 4 . 5 
3 2 . 1 
3 2 . 7 
3 4 . 7 
3 2 . 8 
3 3 . 0 
3 4 . 6 
3 4 . 5 
3 2 . 9 
2 . 5 
0 . 5 
o l l e c t o r 
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(The regression analysis showed significant or probably significant 
regression in all cases except in 1973 and in 1975). 
90 In analogy with Sr, the following regression equations were found 
137 
for Cs in inner Danish waters: 
p C i 1 3 ^ ! - 1 
p C i 1 3 ^ ! - 1 
0.80 - 0.0043 o/oo (1972) 
0.60 + 0.012 o/oo (1973) 
0.54 + 0.018 o/oo (1974) 
0.64 + 0.010 o/oo (1975) 
(The regression analysis showed a highly significant regression in 1974, 
probably significant in 1 973 and 1 975, and insignificant in 1 372). 
p C i 1 3 ^ ! " 1 
p C i ^ C s ! - 1 
I5h 
1J0 
p G 9 0 * / ! 
05 
y»,» i'1 t l 
1962 863 864 1965 1966 867 668 19691970 1971 1972 1973 19% 1975 
Fig. 7 .1 . Strontium-90 in surface sea-water from inner Danish waters, 
19*2-75 (1 S. D. indicated) (from table 7.1). 
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Pig. 7.2, Sea-water locations arouid Zealand. 
- 102 -
Fig. 7.5. Concentrations (nCi/1) of Cs and Sr (italics) in surface 
sea-water collected in Feoroary (+) and June (• ) I 975. 
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8. SPECIAL SURVEYS 
8 . 1 . Meteorological Mast Experiment 
No samples were collected in 1 975. 
8 . 2 . Fission Product Ratios in Air Samples Collected at Different Heights 
in the Meteorological Mast 
No samples were collected in 1 975. 
8. 3. Human Milk 
No human milk samples were collected in 1975. 
8 .4 . Country-wide Measurement of the Y-Background in 1975 
8 . 4 . 1 . State Experimental Farms 
As in previous years ', the Y-background was measured at the State 
experimental farms (cf. fig. 4 . 1 . 1 ) . Table 8 .4 .1 .1 shows the results, and 
table 8 . 4 . 1 . 2 gives the analysis of variance. The variations between locations 
was highly significant (P , 99. 95%). As in previous years , it was evidently 
not the fall-out that determined the variation between locations. The mean 
level in 1 975 was higher than the 1974 level which was unusual lower (cf. 
Risø Report No. 3231 \ 
Table 8 .4 .1 .1 


































































Table 8 . 4 . 1 . 2 
Analysis of variance of the y-background 
a t the s ta t* experimental faxas in 1*75 
(froa table 8 .4 .1 .1 ) 
V a r i a t i o n 
Between l o c a t i o n s 
Between n o n t h s 
Loc . x a o n t h s 
Reeainder 
SSD 
2 7 4 . 0 ( 0 
1 . 7 8 2 
3 . 1 0 0 



















Fig. 8.4 shows the Y-background since 1962 in four groups of sampling 
stations. The fact that stations with a low fall-out rate and a high clay 
content in the soil (Abed, Blangstedgård, and Tystofte) show higher Y-levels 
than stations with a high fall-out rate and a low clay content (but a high sand 
content) (Studsgård, St. Jyndevad, and Askov) was discussed in Risø Report 
No. 154 1) 
> - • * ' • 
St -V Pd*»o«i Ask«, S t j d i g å * 
•962 "*3 "964 1865 1986 BS7 St§ 19S9 WO 197! 1972 1*73 
Fig. 8.4. The »-background at the State experimental farms, 1982-75. 
19* !97S 
b. 4. 2.. The Risø environment 
Gamma background measurements were performed in the five zones 
round Risø. The measurements were carried out at the locations where 
grass is collected (cf. figs. 3. t. 2.1 and 3.1. 2.2 (the coloured map)). 
Tables 8,4. 2.1 and 8.4, 2. 2 show the results. 
At all locations in zone I, especially at the waste treatment station 
(location 3), and at location 2 in zone II, the Y-background showed increased 
levels because of the various radiation sources at the research establish-
ment. The weighted annual mean for zones III-V was 6. t pR/h. In zone I 
- 105 -
the excess activity from the research establish.'.c-nt was 27.3 - 8.1 • 21.2 
iiR/h(in1S67:4.0. in 1968: 3.9, in 1969: 3.3. in »970: 4.7. in 1971: 1.6. 
in 1973: 11.5 and in 1974: 16.0 itR/h). A man working in the open in the 
Risø are? 40 hours i week for 45 weeks a year would thus § et an excess 
dose of 38 mR/year. 
tMilr » . 4 . 2 . 1 































































































Table 8 . 4 . 2 . 2 










































































































































































a (cf.eoleurcd map in "i*# report n., 323^) 
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8. 5. Environmental Surveys at BarsebSck and Ringhals 
Sweden i s operating nuclear power plants facing the Sound at BarsebSck 
and the Cattegat at Ringhais. Ringhals started up in 1 974 and BarsebSck 
became critical in 1 975. As both sites are close to Danish waters and 
fishing grounds, various marine samples are collected from these areas. 
i 37 
Tables 8. 5.1.1 - 8. 5 .1 . 2 show the Cs levels in 3 cm sections of 
sediment samples collected in the Sound at BarsebSck in 1 975. There was 
no indication of any contamination from sources other than fall-out. The 
levels were not significantly higher than the levels measured in 1 974 '. 
Table 8 .5 .1 .1 
Caesium-137 in bed s o i l col lected at Barseback in Hay in 1975 
Posit-ion 
55°44'06"H 12°53'K 
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Table 8 .5 .1 .2 
Caesiuir.-1.37 in bed s o i l co l l ec ted at Barseback in December 1975 







,-. ** — — ** — 
55°43'08"N 12°54 , 05"E 
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_ " — — * — 
55°44'N 12°56'01"E 
_ * — mm. " mm 
mm " m. —
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1 7 .97 
Table 8. 5. 2 shows the Cs levels in sediments collected at Ringhals, 
Neither was any contamination found here that could not be explained by 
fall-out. 
Table 8. 5. 3 shows the levels in two sediment samples collected in the 
Great Belt. 
90 137 
Tables 7. 2 and 7.3 give the sea water concentrations of Sr and Cs 
at BarsebSck and Ringhals in 1 975. 
We may conclude that the operation of the nuclear plants at Barseback 
and Ringhals has not so far resulted in measurable contamination of the 
1 37 
marine environment by Cs, which is one of the most abundant long-lived 
fission products usually met in liquid effluents from nuclear power stations. 
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Table 8 .5 .2 
Caesium-137 in bed so i l co l l ec t ed a t Ringhals in September 1975 
P o s i t i o n 
57°15'01"N 12°03'07"E 
57°16 , 05"N 12°06'E 
57 o17'01"N 12°07 ,02"E 
_ ft _ ' « . • • — 
57°13'03"N 12°03 ,O4"E 
Depth 




































• C i 1 3 7 C s / k » 2 
5 . 1 3 
8 . 9 7 
3 . 3 9 
0 .55 
I 1 8 . 0 4 
1 .61 
3 . 6 6 
0 .87 
Z 6 . 1 4 
2 .97 
2 . 1 9 
0 . 9 9 
B.D.L. 
Z 6 .15 
2 . 8 0 
4 .26 
2 . 8 4 
4 .46 
Z 1 4 . 3 6 
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Table 8.5.3 
Caesiun-137 in bed soil collected in Great Belt in Hay 1975 
Posit ion 
55°38 ,N 10°44'E 
_ w — — * — 
_ m _ _ at _ 
_ m _ _ » _ 
• ** • — * — 
_ * _ — * w 
55°12'N UO05'05"E 
_ • • _ — " « -










































9.1. Risø Environmental Monitoring 
No radioactive contamination of the environment originating from the 
operation of the research establishment was ascertained outside Risø in 
1 975. As in previous years, the variations in contamination level were 
independent of the distance of the sampling locations from Risø. 
9. 2. Nuclear-Weapon Debris in Air, Precipitation. Soil. Ground Water, 
and Surface Water 
90 90 - 3 
The mean content of Sr in air collected in 1 975 was 0. 9 f Ci Sr m , 
i. e. 0.6 times the 1 974 level. The average fall-out at the State experimental 
90 -2 
farms in 1 975 was 0.41 mCi Sr km or 0. 6 times the 1 974 figure, and 
90 90 -1 
the mean concentration of Sr in rain water was 0.82 pCi Sr 1 . 
By the end of 1975 the accumulated fall-out down to a depth of 50 cm 
9 0 - 2 137 
was approx, 56 mCi Sr km . The corresponding Cs was measured 
at 91 mCi km" . 
- I l l -
In agreement with the greater precipitation in that part of the country, 
fall-out levels in Jutland were 1 5-25% higher than levels found in eastern 
Denmark. 
90 90 -1 
The median level of Sr in Danish ground water was 17 f Ci Sr 1 . 
9. 3. Strontium-90 and Caesium-137 in the Human Diet 
The mean level of Sr in Danish milk was 4.1 S. U . , and the mean 
137 137 -1 
content of Cs was approx. 3. 7 pCi Cs 1 . 90 The 1975 Sr levels were a little lower than the levels found in milk 137 produced in 1 974, while the Cs levels had decreased markedly. 
90 The Sr mean content in grain from the 1 975 harvest was 22 pCi 
90 -1 137 137 1 
Sr kg . The Cs mean content in grain was 13 pCi Cs kg . The 
90 
Sr level in grain from the 1975 harvest was 0 .7 times the level found in 
1 37 the 1 974 harvest, and Cs was 0. 3 t imes the 1974 level. 
90 137 
The mean contents of Sr and Cs in Danish vegetables collected in 
qn | 1 3 7 _ t 
1 975 were 11 pCi Sr kg (29 S. U.) and 3 pCi Cs kg respectively, 
90 -1 137 -1 
and in fruits 1. 7 pCi Sr kg and 2.1 pCi Cs kg ; potatoes contained 
3. 7 pCi Sr kg and 7 pCi Cs kg ' . 
90 137 
The mean levels of Sr and Cs in total-diet samples collected in 
1 S75 were 6.4 S. U., or 11 pCi ^ S r day"1 and 18 pCi * 3 7 C s day"1 respect-
90 
ively. From analyses of the individual diet components, the Sr level in 
137 
the Danish average diet was estimated to be 5.5 S. U. and the Cs intake 
137 -1 137 
to be 1 7 pCi Cs day . The Cs levels in the Danish total diet con-
90 
sumed in 1 975 were nearly equal to the 1 974 levels while the Sr i -vels 
probably were lower. 90 Grain products contributed 35% and milk products 33% to the total Sr 137 intake; 25% of the Cs in the diet originated from meat, 31 % from grain 
products, and 1 6% from milk products. 
90 137 
Both Sr and Cs diet levels were on the average significantly higher 
in Jutland than in eastern Denmark. 
9 .4 . Strontium-90 and Caesium-137 in Humans 90 The Sr mean content in human bone (vertebrae) collected in 1 975 was 
1. 3 S. U. in new-born children, 2 .0 S. U. in infants, 1.5 S. U. in children 
and teenagers, 1.4 S. U. in adults (20-29 years old), and 1. 5 S. U. in adults 
of more than 29 years. The 1975 bone levels were generally a little higher 
than the t 974 levels. 
137 The mean content of Cs in the human body in 1 975 was estimated 
137 from whole-body countings to be 1. 6 nCi (11 pCi Cs/g K), i. e. nearly 
equal to the 1 974 level. 
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9. 5. Strontium-90 in Sea Water 
90 The mean content of Sr in inner Danish surface waters was approx. 
Qn -1 1 ^7 
0.70 pCi Sr 1 in 1 975, i. e. lower than the level in 1 974. The Cs 
mean level in Danish surface waters in 1 975 was 0. 75 pCi 1" , i. e. equal 
to the 1 974 concentration. 
9. 6. The V-Background 
The average Y-background measured with a Nal crystal at the State 
experimental farms in 1 975 was 6. 3 nR/h. 
9. 7. Caesium-137 in the Marine Environment at Barseback and Ringhals 
Samples of sediments and sea water collected at BarsebSck and Ringhals 
137 in 1 975 did not show any indication of increased Cs levels due to the 
operation of the nuclear power plants at the two s i tes . 
9. 8. Summary 
The concentrations of long-lived fall-out nuclides in ground-level air 
and precipitation collected in 1 975 were 0. 6 times the levels found in 1 974. 
137 In milk produced in 1 975 the Cs levels were 0. 5 times the 1 974 
1 37 levels. In grain from 1 975 the Cs levels were 0. 3 times those found 
in 1 974. 
90 137 
The Sr and Cs levels in the total diet consumed in 1 975 were a 
little lower of nearly unchanged respectively as compared with the 1 974 
levels . 90 The Sr concentrations in human bone were a little higher in 1 975 
than in 1 974. 
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APPENDIX A 
C a l c u l a t e d P a l l - o u t i n t h e Eight Zones ir. 1975 
Zone 
I: N. J u t l a n d 
IX: E. J u t l a n d 
I l l s H. Jut land 
IV: S . J u t l a n d 
V: Funen 
VI-. Zealand 
VII : L o l l a n d - F a l s t e r 
V I I I : Bornholm 
Area-weighted mean 
rm 
p r e c i p i t a t i o n 






i n 1975 
0 .471 
0 . 3 4 * 
0 .493 
0 . 4 4 2 
Accumulated 
i C i **Sr/ to i 2 
by the end ol 





The anuunts of p r e c i p i t a t i o n were o b t a i n e d f r o « r e f . 9, and f ro« 4 . 1 




l i N. Jutland 
H i E. Jutland 
I l l i W. Jutland 
IVi S. Jutland 
V i Funen 
VI i Zealand 
Vila Lol land-Falster 



































































* 1,345,000 people were l i v i n g in Greater Copenhagen and 801,000 in the remaining part of Zealand. 
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APPENDIX C 
We have in 1 974 revised our prediction models for diet components and 
total diet. For milk we used our data ' from 1 962-75, for grain: 1 959-74 
1 S7 ( Cs:1 962-74), and for total diet: 1961 -74 . The terms in the models 
were similar to those used in previous years (cf. Risø Report No. 305, 
Appendix C ), but for Sr we divided the term for accumulated fall-out 
90 (A.) into two terms, one with an effective half-life of Sr of 5 years and 
one with a 28-year half-life. 
This has in general improved the models. In a few cases , however, 
one of the two A. terms became negative. The model was then altered to 
one A. term and tested for half-lives of 5, 10, 15, 20, 25 and 28 years. 
We then chose the half-life giving the best fit. 
90 In Appendix D values are shown for the Sr fall-out rates (d.) and the 
90 
accumulated Sr fall-out (A.) used in our calculations of prediction models. 
In tables CI and C2 we have also calculated the infinite exposure inte-
gral (LEI) for the diet components and the total diet. IEI is equal to the 
equilibrium level in the diet for a constant annual fall-out rate of 1 mCi 
9 0 Sr /km 2 , or to the UNSCEAR21 * transfer coefficient P „ . In the case of 
137 90 
Cs the prediction models are given for d. and A. values of Sr as also 
the IEI values. 90 It is remarkable that, with the exception of Sr in potatoes and total 
diet, Jutland in all cases shows higher IEI values than the Islands. The 
reason why the total diet differs from the general pattern i s probably due 
to & transfer of foods (e. g. milk) from Jutland to the Islands in recent 
years. This has made the total diet levels in the Islands decrease more 
slowly than the levels in Jutland. This again has resulted in an overasti-
mation of the coefficients for the A. terms in the prediction model for the 
Islands. 
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Table C 1 
A coaparison between oaserved and predicted Sr l e v e l s 
in the hiaaan food chain in nenaark in 147$ 
Sample and area 
Grass from Zealand 
Milk fron Jutland 
Milk from the Islands 
Rye from Jut and 
R}e from the Islands 
Barley from Jutland 
Barley from the Islands 
Wheat from Jutland 
wheat from the Islands 
Oats from Jutland 
Oats from the Islands 
Potatoes from Jutland 
Totatoes from the Islands 
White Cabbage from Jutland 
White Cabbage from the Island: 
Carrots from Jutland 
Car*its from the Islands 
Total d i e t from Jutland 
Total d i e t from the Islands 
Newborns' bone from Denmark 











































1 . 3 
1 . 3 
Equation used for the prediction 
S.V^ - 28.1 d4 • 9.23 d i _ 1 • 1.34 » j . , . , . 
s . u i = l .nn d t • o.7?l d i , ; • n.222 A t _ 2 l S ) 




A i - 2 ' 2 7 . 7 ) 
S.O t - 222 d i ( J u l y H k u g _ , • 0.147 A W ( S ) • 
" •
7 M A i -1<27 .7) 
S
- " i - 1 7 ° d i (Ju ly-Aug. ) * " • " A i - U 2 7 . 7 > 
S.U i - 164 d i ( J u l y W k t ! g _ , • 1 . 7 . A±_USi * 
0.167 A t . „ 2 7 > 7 ) 
S.U t - 9B ^ „ „ , , _ * „ , . , * 0.83 At_1{s) * 
o.i.o » w ( J 7 t 7 | 
S
- '
J i - I M ^iCJ-Uy-A«,.) * l-7A S - K M * 
0.55 AJ.K27.7) 
s
- » i • » » d l ( J „ l y - A u g . ) + ° - 4 4 A i - 1 ( 5 ) + 
"•'*
 A i - 1 ( 2 7 . 7 ) 
S
- " i ' 7 J - 7 ^ ( J u l y - A u , . ) * n - " 1 A i -1(27.7> 
s
- « i - 5 ' - 5 "i .July-Aug.) * 0-5"> A i - :<27.7» 
pCi Sr kg * - 0.120 dj + 0.10J d ^ j • 
n.056 A t _ 2 ( 2 , 7 ) 
90 -1 pCi Sr kg * • 0.159 d • 0.076 d ^ j • 
0.061 A ^ , , , , ^ , 
90 »1 
pCi uSr kg A » 0.241 d t + 0.72 d1_1 • 
° '
1 7 8 Ai-2<27.7> 90 -1 
pCi Sr kg * = 0.584 d t + 0.034 d t_j • 
0.090 A ^ J J J , • 0.147 *L.2{„n 
W -1 
pCi Sr kg l - 0.592 4% * 0.18« * 1 . 1 j 5 ) • 
0.253 » i . 1 ( 2 7 i 7 ) 
pCi 9 0 Sr kg"1 - 0.4O8 d + 0.225 A ^ j . . . + 
° -




i l A i - 2 ( 2 7 . 7 ) 
S . 0 i - 1.39 dj + 0.98 d • 0.0114 k^iS) * 
° -
n < U A i - 2 ( 2 7 . 7 ) 
S.IJi - 0.073 d x • 0.142 d t _ x + 0.0218 A ^ . ^ ? 
S
- ° i " O-0«7 d < i ) * ( i - l ) + O' 0 3 8 A i - 2 ( 5 ) * 
0.0121 AL_2(2%1) 
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A comparison between observed and predicted Ca levels 
tn the hts»« food chain in Denmark in 1*75 
Sample and a r e a 
M i l k f r o n J u t l a n d 
m l k f r o a t h e l j U n d j 
| Rye ( r o e J u t l a n d 
Rye f r o » t h e I s l a n d s 
B a r l e y from J u t l a n d 
:
 B a r l e y f r o « t h e I s l a n d s 
wheat from J u t l a n d 
Wheat fror . t h e I s l a n d s 
O a t s trom J u t l a n d 
O a t s I rem t h e I s l a n d s 
P o t a t o e s f r o « J u t l a n d 
P o t a t o e s f r o « t h e I s l a n d s 
K h i t e c a b b a g e f r o n Denaark 
i C a r r o t s f r o a Denmark 
! 
T o t a l d i e t f r o o J u t l a n d 
T o t a l d i e t f r o o t h e I s l a n d s 
Pork f r o n Denrark 
B e e f from Denstark 
Mholebody from t h e I s l a n d s 
v b s e r v e d 
4 . « 
2 . 2 
23 
1 1 . 3 
l ! » . l 
6 . 3 
1 1 . » 
7 . « 
21 
» . 5 
7 . « 
5 . 5 
3 . 5 
2 . 0 
3 . 7 
3 . S 
32 
22 
1 1 . 3 
P r e d i c t e d 
5 . * 
3 . 1 
23 
1 7 . 7 
l t . O 
1 1 . « 
2 « . 3 
1 0 . 1 
1 4 . S 
1 1 . 0 
6 . 1 
2 . 0 
3 . 5 
2 . 0 
1 .3 
2 . 5 
28 
25 
1 4 . 6 
E q u a t i o n u s e d f o r t h e p r e d i c t t o e 
B . U , - 4 . 3 6 d , « 
0 . 0 3 7 * A 
H.vL - 2 . 5 « d t -i 
PCi 1 , 7 C . k , " 1 -
pCi 1 J T C s k g " 1 . 
PCi 1 , 7 C . k g " 1 -
pCi n 7 C s k g " 1 • 
pCi 1 , 7 C s k g " 1 • 
p e t 1 J 7 C s k g " 1 -
pCi 1 3 7 C s k g " 1 -
pCi 1 3 7 C s k g " 1 • 
T I T - 1 pCi J , C s kg l • 
p e t 1 , 7 C s k g " 1 « 
137 If— 
pCi 1 J , C s kg Å • 
U 7 • _ r 
pCi " Cs k f ' • 
n.Hj^ - 3 . 7 « d j < 
B . U t - J . 4 » d i 
pCl 1 J 7 C s k g " 1 • 
PCi 1 3 7 C . k , " 1 . 
l . S S d ^ * 0 . 2 4 S *t_2 * 
-J«JO) 
1 . S 3 d ^ • 0 . 0 2 1 5 ^ _ 2 l M 
1 3 1 d l m a y - t a g . ) 
1 2 5 d t ( l t t r - * — . 1 
1 9 1 4 i f H » y - J t e g . ) 
** *t<H»T-*«W.) 
1 1 1 d i ( R » y - t a g . ) 
11 d i m > r - t a a . ) 
H d l ( H a y - * J e g . ) 
7
» "t nmr-Msi.i 
5 . 3 3 *i • •.«« ^ , u w 
5 . 3 4 d i 
t . E . I . 
7 . i 
s.e 
4 1 . 7 
4 1 . 7 
3 3 . 7 
2 » . 0 
3 7 . 7 
2 4 . « 
2 7 . 7 
2 6 . 0 
••• 






. U » U - l l * ° - W 7 * l - 2 t J 9 »•»• 
2 . 3 « d 4 • 6 . 1 2 « * ( i . l t . a _ 2 ) * 
0 . 0 1 « A i . j , , , , 
1 - S
*
 d { i - l ) * ( i - 2 ) 
! • « • d f l - l | » | i - 2 ) 
4 1 . 2 d t • 1 4 . 3 * d t , j • S . « « « 1 _ 2 j 
" • "
 d i * 2 - 2 * d ( i - l ) * < i - 2 ) * 
0 . 1 3 « A t . J ( J n ) 
" • ° i " ' • " d i * « • " d ( i - l ) » U - 2 ) * 
" • " « * i - 3 c j n , 
J . 3 
7 . « 
4 . 5 
C I . 3 
4 t . O 
2 4 . 0 
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APPENDIX D 
90 -2 -1 
d-: Annual fall-out rate in mCi Sr km y . 
A| / t . .: Accumulated fall-out by the end of the year (i) 
assuming an effective half-life of Sr of 5 y. 
Unit: mCi ^ S r k m ' 2 . 
^ ( 1 5 ) a n d ^ ( 2 7 . 7 ) : 
Accumulated fall-out by the end of the year (i) 
90 
assuming effective half-lives of Sr of 15 y 
and 27.7 y respectively. 
Unit: mCi ^ S r k m ' 2 . 
^(May-Aug.) a n d ^(July-Aug.) : 
The fall-out rates in the periods: 
May-Aug. and July-Aug. respectively. 
90 - 2 -1 
Unit: mCi Sr km period . 
The fall-out rate (d,) was based on the Danish country wide collected 
precipitation data for the period 1962-1974 (cf. table 4.11 '). Before 1962 
the levels in the tables have been estimated from the HASL data for New 
York (HASL Appendix 291, 1 975) considering that the mean ratio between 
90 Sr fall-out in Denmark and New York has been 0.7 in the period 1 962-1 974. 
The d. , , . . . and d . . . ,
 A _ » values were also obtained from i(May- Aug.) HJuly-Aug.) 
table 4 . 1 . ! ' ' for the period 1962-1974. For the years 1959-1961 the values 
90 
were calculated from data obtained from Sr analysis on air (1 959) and 
precipitation samples (1 962 and 1961) collected at Risø (cf, ref. 1 7) and 
before 1 959 the values were estimated from the corresponding d. values 
assuming that the ratios d ^ M a y . A u g i j/<*± and d ^ J u l y . A u g j/<*. were constant 
in time and equal to the means found for the period 1962-1974 which were 
0. 54 (1 S. D . : 0.09) and 0. 24 (1 S. D . : 0.06) respectively. 
APPENDIX D 
Fallou rates am« accumulated fa l l ou t (mCi , 0 8 r /k w 2 ) In Denmark l<»S0-l«m 
14V.1 





i l l l 
1 4 ) 7 
1 1 1 * 
1 * 1 . * 
i»«o 
l * « t 
l » « l 
»»»1 
» « 4 
»««1 
» • * * 
l» f» 
i t * * 
I * * * 
1 * 1 * 
l »» t 
i * n 
10 71 
t« 74 
J * 74 
i l l 
» . o i l 
J , l o i 
i ) . l »» 
O.SOO 
0 .401 
1 .1 *1 
i . i o t 
i . l o i 
4 . 1 0 1 
• .101 
1,140 
1 .4 *1 
7 . 4 1 * 
l » . » » l 
1 0 . 4 1 1 
» . • 1 4 
1 . 1 4 1 
1.047 
1 . 4 * 1 
I . O H 
1.447 
!.»«* 
0 . 4 J * 
0 . 1 0 } 
0 . 7 k « 
0 .414 
l>«nM*rlt 
" i « , * l U S , 
0 .01« 0 ,010 
0.104 o . l l » 
o , ) 4 i a.."»4 
a,»f.4 ; ) , J » I 
J . l l l 1 .141 
4 . i n « . » n 
4.14 ' . 1 * 0 
0 . 1 ^ 1 I t ) . ISO 
l O . t t d 11.414 
14.7ft« 14 .0J0 
11 .441 I t . 2 . 4 
11 .144 1 4 . 1 0 1 
14.04 1 J . . 0 0 1 
I f 17« 4 0 . 7 « « 
11 .411 4 0 . 1 4 « 
14 .177 10 .417 
14 .707 » 0 . 1 0 7 
1 0 . 1 1 4 4 « . M O 
10 .044 4 0 . 0 4 4 
11 .174 4 « . » 1 7 
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I t , 1 * 0 44.040 
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I 4 . l i * 41.»a« 
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1.114 
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6 .490 
i . l « l 
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* . 1 M 
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I 0 , 1 0 1 
1 0.17C 
1 0 ,417 
1 1 ,17« 
1 4 ,140 
t . l l t 
4 , 1 1 1 
11 ,711 
• 17,474 
1 I t . 1 0 7 
t 1 1 . 0 1 ) 
) 1 « . 1 * 1 
1 I t , 1 0 1 
> 4 7 . 0 4 * 
> 4 * . 4 7 1 
1 0 , 1 4 1 




1 4 * . t i l 
4t .y»i 
1 4 1 . I t * 
1 41,1*1 
1 4t, l»7 
t ionMrk 
" i r t a y f t u « . ! ' " l . lu. y-Aufl , 1 
0 ,01 0 .01 
0 . 0 1 0 , 0 1 
0 ,11 0 .0« 
0,17 0 , 1 1 
1.01 0 .4 t 
1.11 O.tO 
1,4 / 0 ,74 
1.47 0 .74 
1,11 1 .01 
1.10 0 .40 
0,47 0 . 1 1 
0.44 0 .47 
J u l 
" " ( « 4 y - « u » . l 
0 .01 
0,0« 
0 , 1 ) 
0, 11 
1.1« 
l . l l 
I . to 
1.40 
l . t l 
1 .71 
0 , 1 1 
0 , 7 ) 




0 .4 *4 
0,140 
t . l l t 
4,71) 





t ,17 l 
!oiul 










0 . 7 ) 
1*14044 




0 . 1 ) 




1 , 0 ) 
1.14 
0 , 4 ) 












0 . 4 ) 


















0 , 1 4 1 
0 , 1 4 1 
0 , 1 1 1 
» , 4 4 1 
0 ,»44 
O,0t4 
0 , 0 1 1 
0 . 1 4 ) 




The authors wish to thank Miss Anna Holm Pedersen, Miss Lone Dyrgard 
Jensen, Mrs. Karen Mandrup Jensen, Miss Karen Wie Nielsen, Mrs. Jytte 
Lene Clausen, Mrs. Ulla Wilhelmsen, Mrs. Anna Madsen, Mrs. Laila Leth, 
Mrs. Pearl Baade Pedersen, and Mrs. Else Sørensen for their conscientious 
performance of the analyses. We are grateful to Mr. Peder Kristiansen and 
Mr. Gunnar Bitsch for collection of the samples and performance of the Y-
background measurements. 
We are specially indebted to the staffs of the eleven State experimental 
farms at Tylstrup, Ødum, Studsgård, Askov, St. Jyndevad, Blangstedgård, 
Tystofte, Ledreborg, Virumgård, Abed, and Åkirkeby, who have continued 




Risø Reports Nos. 1 , 3 , 0, 14, 23, 41, 63. 85, 107. 1 30. 154. 180. 
201, 220, 245, 265, 291, 305 and 323 (1 957-75). 
R. G. Osmond, M. J. Owers, C. Healy, and A. P. Mead, The Deter-
mination of Radioactivity due to Caesium, Strontium, Barium and 
Cerium in Waters and Filters. AERE-R 2899 (1 959). 
F . J . Bryant, A. Morgan, and G. S. Spicer, The Determination of Radio-
strontium in Biological Materials. AERE-R 3030 (1 959). 
John H. Harley, Manual of Standard Procedures. HASL-300 (1 972). 
A. Hald, private communication (1 958). 
J. Lippert, Low Level Counting. Risø Report No. 44 (1 963). 
P. Quittner, Nucl. Instr. and Methods 76, 115-1 24 (1 969). 
J. Lippert, Some Applications for Semiconductor Detectors in Health 
Physics . Proc. of the First International Congress of Radiation Pro-
tection, 271-277 (Pergamon Press , 1968). 
Meteorologisk Institut, Ugeberetning om nedbør m. m. 1 975. 
L. J. Middleton, Int. J. Rad. Biol. 4, 387-402 (1959). 
Folmer Dam and Agnes Elgstr5m, Vore fødemidler (Svegårds Forlag, 
Sorø, 1 968). 
J. Vestergaard, Analysis of Variance with Unequal Numbers in Group. 
GIER System Library No. 211 (A/S Regnecentralen, Copenhagen, 1 964). 
Landbrugsstatistik 1 973. Danmarks Statistik (Copenhagen, 1 974). 
Fortegnelse over samtlige mejerier og mejeriorganisationer i Danmark 
(Århus, 1972). 
Statistisk årbog 1 972 (Statistical Yearbook) (Copenhagen, 1 972). 
J. Lippert, Risø-M-1780, June 1 975. 
- 122 -
1 7) A. Aarkrog, Prediction Models for Strontium-90 and Caesium-1 37 
Levels in the Human Food Chain. Health Physics 20, 297-311 (1 971). 
1 8) Ebbe Kanneworff and Willy Nicolaysen, The "HAPS". A Frame 
supported Bottom Corer. Ophelia 10:11 9-1 29 (Oct. 1 973). 
1 9) V. T. Eowen, V. E. Noshkin, H. L. Volchok, H. D. Livingston and 
K. M. Wong, Limnology and Oceanography 1 974. 
20) Landbrugsstatistik 1 900-1 965, vol. I and II. 
21) UNSCEAR: Ionizing Radiation vol. I: levels. (United Nations, New York 
1 972). 
22) H.M. Squire, Rad. Bot. 6, 49 and 407 (1 966). 
23) Arna Andersen, personal communication (1 976-06-10). 
24) Landbrugsstatistik 1 974, Danmarks Statistik, København, 1 975. 
25) Ing. Sander, Nakskov Sukkerfabrik, personal communication (1 976-06-10). 
26) H. J. Gale, D. L. O. Humphreys and E. M. R. Fischer, AERE-R4241 (1 963). 
27) J. W. R. Dutton, Determination of Radiocaesium in Sea and Fresh waters. 
Technical Report FRL6, October 1 970. 
ISBN I7-55O-0387-7 
